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1 _ v@%ﬂﬂﬁ?ﬁb of Tel ecomruni cations Signals to a Balaﬁé Gmummns
Pawer Di stribution Network This invention relates to a nethod of
signal injection, 5 transmssion, interconnection (termnation) and
detection, and to a power transm ssion neéiwork, ie. a mai ns
electricity distrlbutle %nd/or transn155|on net wor k a filter
therefor. In particul afoyrlipg|ef; Lelecgmpypd cationsy Siq"“év"é’r ReBalangeds

electricity networks and/or I|ines ﬁ%rlﬂsttg{mqmw@“ ons transm ssion
(e.g. voice, data, inmage and/ or vi deo). the UK, it is

conventlonal to descri be a power network for 33kV and above as a

Lransm ssion neHpLkinvalh Aoy Lo53 RhAANY sbetl sl on

network". In this |cat|on e term trici
and/ or po&ertra@mmhs%sﬁmwmxnﬁ%ﬁﬁqnn%quqnuétexmxmatsom$eﬁndtﬁﬁtectlon.

general referencggqts pé"’féw%%tﬁéﬁr{‘sﬁnf{lﬁér? LANS ssign a mais Signals are

to be construed as applying such 20 networ ks,
elec r1c1ty distribution and/or transmission network, and

a filter therefor. 1In particular it relates to the use of
overhead mains electricity networks and/or lines for

10 telecommunications transmission (e.g. volce, data, image -
and/or video).

In the UK, it is conventional to describe a power network
for 33kV and above as a "transmission network", and one
‘15 for less than 33kV as a "distribution network”. In this
~ specification the term "electricity distribution and/or
power transmission network® (EDN) is normally used, but
general references to power networks aﬁd to transmission
of signals are to be construed as applying to all such
20 networks.

Traditionally telecommunications signals have been
transmitted on independent networks e.g. telephone lines.
More recently, in order to simplify and increase

25 efficiency of telecommunications services ﬁo domestic or
industrial premises, there have been investigations into
usihg existing electricity transmission and distribution
‘networks to_carry'telecommuniCations services.

30 It has been known to utilise above ground (overhead) (OH)
power lines for the transmission of additional control,
speech and data signals. However, with such
transmissions, in the past the frequency spectrum has been
‘allocated for and restricted to particular applications in

35 order to avoid interference with other telecommunications



Traditionally tel ecommuni cati ons signals have been transmtted on

i ndepend®®% rks e.g. telephone |ines. More recenPFI/GBISI283der to
sinmplify and increase 25 efficiency of tel ecomunications services to :
domestic or i ndustrial prem ses, there have been investigations into
using existing electricity transm ssion 4nd distribution networks to

carry teleconnunicatioqs ser.vices. 30 .1t h been, kno to, utilise above
gr ound (oveﬁﬁﬁgafféH) n SgﬂékLPPheEhFoFtFﬁEggﬁaﬂgn?ég?ﬁﬂgovhh i tional
pontLoI, t iﬁ?mdgbeamdadsmatsé?nahshgébﬁtd&&y ﬂh?FgHquz betlftﬁlfci*ﬂéasito_nsi .

n the past t.he frequenc ectrum. has been al.l pca or _angd restricte
{o partPcuI§Pm§prﬁgaFWSﬁ§%P %3§ag}ag+°Fop598Pﬁan$¥r%E?e ERAH TS ther

t el econmuni dat irelated to\Wh@6587245th of the signal and this
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addi ti on,> t FEUEFERG: RUSF BRgKEPS %Ri 8n™iPim™¥Be 1 d be transnitted was

general |y thought to be limted _

- Such transmission signals have therefore been of low power
and confined within a specific frequency band allocated by
international agreement for such purposes, so this

10 mechanism has been thqughf to be unsuitable for large
scale voice and/or data transmissidn.where signals extend
well into the radio spectrum (e.g. 150 kHz and above). ‘
- Furthermore, if signals are to be transmitted on overhead
15 power networks then other problems need to be overcome,
such as the p:oblems of noise on the networks, varying
customer loads attached to the network, and impedance
matching between communications equipmént attached to the
network and the network itself.

- It has been known to use spread spectrum techniques to
transmit data at carrier frequencies of between 6kHz and
148kHz on underground (UG) aﬁd overhead (OH) EDN'’s.

Again, in this allocated frequency band such transmissions
.25 suffer from low data fateé and low traffic capacities due

to power line noise characteristics. Due to the limited

spectrum available and high noise levels encountered

_wideband telecommunications signals have not been sent.

30 Although papers such as that by J.R. Formby and R.N.
Adams, ("The mains network as a high frequency signalling
medium”, The Electricity Council, January 1970) suggested
a communications potential for the low and medium voltage
networks, no further work was undertaken. Even today,

35 with the prospect of remote meter reading and selective



sifnhce the amount of radiation produced by the transm ssion Is related
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above) . Futieheprahe, ahll saemal&ommanieabeohéanenubtadoQalﬁgetHead 15
power networ ks then other bl ens need to be over cone, such as the
probl ens of n0|s@aéﬂstHstﬂgfﬁoWRgrevHPﬁﬁﬁB cust oner | oads attached to
t he network, and inpedance mat chi ng bet ween conmuni cati ons equi pnent
attached to t wor k. and t he net wor

It has ,been
known to use prégﬁa§pb€YFuﬁ??§cHHFq38§w?55 LugtFﬁHsﬁ?YedﬁfﬁcﬁﬁgegrP?ﬁF
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S. a|n ocate en an ch transm ssions
25 suffer fron1 83?38 g?eghﬁnﬂaFBﬁ/PF V??g éQEIPFQ ghs to gFo power
l'i ne noise charaebetcameCSnchaeteléberhcantﬁdlse, $Bethr gBhavahtabl e and
hi gh noi se Ievelg Qcountgr dgband tel eco scatloHs ﬁlgnals have
not. been sent . ackground noise and transient spikes) and hig .
' 10 attenuation of high frequency signals due to skin and

proximity effects.

Messrs Formby and Adams suggested using frequencies in the
range of 80 to 100 kHz. 100 kHz was recommended as a

15 maximum because theory suggested that higher frequenciés
would suffer from excessive attenuation. cher_papers
recommend a maximum of 150 kHz due to the fact that
radiated signals hlgher than 150 kHz would interfere with
broadcast radio szgnals. '

- 20

A further situation where power lines are-also used for
the transmission of speech and data signals is on the
electricity wiring inside buildings. In such
configurations the internal 240V mains wiring is used for

25 the transmission of data, with appropriate filtering being

| provided to add and separate the data signals from the
power signals. Additionally a filter, such as the Emlux
.filter described in Eurbpean Patent Application 141673,

. may be provided to prevent data signals leaving the

30 building and entering the power supply network external to
the building. The Emlux filter described consists of a
tuned ferrite ring which acts effectively as a band stop
filter. 1In order to be effective the band stop filter
must be of narrow bandwidth and therefore is not suitable

35 for use with high speed data communications, since a large
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t el ephony and radi o comruni cations, thus avoiding the mai ns net wor k

wh i Q] e. a1 h .beer L f d_but f h ded
past - ¢ ThAis RESEEER SBpRRe, HBugeTB e CRETE PESCRUPT BARSALEDN

present ed byardid tswithreschamely Theepyebuads (UG)band ovevheaanmgornc! ude

el ectric noi se, (both constant background noi se and transient spikes)
and high ~10 attenuation of high frequency signals due to skin and '
proximty efUmtigrgground networks are generally composed of a number of

different types of “pseudo-coaxial” cables which are
. screened types -of cabies providing for propagation of high
frequency (HF) communications signals between thé inner |

10 conductor(s) and outer conductor sheath(s) in an
‘unbalanced mode. Typical values of characteristic
impedance for which ﬁG cables may range from 10 to 75 .'[
ohms. In particular, transmission of telecommunications
signals on such networks is described in the applicant’s

15 prior PCT application, published as WO 94/09572, the
disclosure of which is incorporated herein by reference.
In order to provide maximum power transfer and good -
impedance matching between the EDN and a HF coaxial
termination point, a prior art unbalanced conditioning

20 unit design is utilised as shown in figure 9. '

The application of a conditioning device to all the
termination points of an underground (UG) EDN will result
in the EDN being optimised for the propagation'of HF

25 communications signals without any impairment of the EDN’s
capacity to efficiently deliver electrical'energy at ultra
low frequencies (ULFs), i.e. 50 to 60 Hz.

. As described in-WO 94/09572, such an enclosed and
. 30 conditioned EDN will preferably have HF characteristics,
" above 1 MHz, which includes:-

1, A minimal HF noise floor. : _
2. Immunity to variable loads at ULFs, i.e. 50 to 60 Hz.
35 3. A safe point of interconnection for low amplitude HF
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i n European Pafent Application 141673 may be provided to prevent data
signal s | eavimy the 3¢CHYHGIPFGVASABnt ering the power supply network
external to the building. The EmMux filter described consists of a

order to be of f eciaRheath (OBIANECHETINY Bhe JenSRLLL SRRt SF BRI
and therefore is fedderd WHilch 3Te FUownS SnWiWdddErg bR brdaistal towers.
Connunlcatlonsts¥ﬂgxég% J@E%%s genérally run parallel in either
10 horizontal, vertical or triangular configﬁrations and, as
such, are similar to 6pen wire transmission lines which
are commonly used for propagating'HF communications
signals, say between a'high power HF broadcast transmitter
and a remotely located HF aerial array. '
15
Typical conductor spacing on such OH EDN suﬁport
. 8tructures is approximately 1 metre, with relatively small
conductor diameters. ‘As a result the characteristic
impedance of such networks is high in relation to similar
20 UG networks. Typical valueé of characteristic impedance

for OH networks extend from 300 to 1000 ohms.

Typical OH EDNs have power factor correction capacitors
fitted at regular intervals to compensate for the net
25 effect of inductive power loads at 50/60 Hz. These
. capacitor banks usually consist of one capacitor per phase
Conductor connected between the phase conductor and the
.network neutral and/or earth conductor. The capacitors
. produce relatively high reactive currents at power
- 30 frequencies of 50 to 60 Hz which advance the current
phasors closer to the voltage phasors thus improving the
efficiency of the EDN at power frequencies.

The effect of such capacitors at the traditional mains
35 signalling frequencies of 3kHz to 148.5kHz is to severely
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conduct or (s)1 cWnd edeheasCeBA¥ehAE rSRaat ngkemg aﬂoperae@aéanced mode.
Typi cal values of characteristic | npedance for which UG cabl es may range

from10 to 75 ohnms. I n particular, transmn ssion of teleconmunications.

signals on SIltC&aneb‘éOFthéubﬁtdﬁﬁﬁﬁ:l Eﬁﬂs' BrbBQeﬁ\prhiénbeSoxléru%xhér PCT
appl i cation, shed as 94/ 09572, the di scl osure of which is

i ncor por & e WBLY RYbyaisingekbe. c°mmupﬁc8Fa€PstﬁlﬁPB%Fdébﬂﬁﬁlhﬂ¥$%omer

transfer andsgend effebmoe@alaﬁe eBpebierBeberBResNenE ﬂﬁﬂc&nt":d&é’ax' al
.term nation poi rior art unbal anced conditi oni ng unit design is
5&@ in p a4ve geactance of the 1nterconnect1ng {jumper)

utilised as
leads and the internal construction of the capacitors.
The overall reactance of the capacitors appears inductive
10 at frequencies above 1 MHZ and as a result their shunt
impedance becomes greater than the characteristic
impedance of the OH lines resulting in minimal loading and ‘

hence minimal line loss at" HF.

15 However, one resulting problem is that at such frequencies é
the power transformers appear as a high impedance,
inductive, loads above 1MHz and their resultant impedance
becomes much greater than the characteristic impedance of
the OH lines. .

20 .

Thus, by utilising frequencies above 1MHz the power
transformer does not significantly reduce the .
communications signal level or provide HF by-pass between .
the primafy and secondary windings of the power |

25 transformer. Power transformers may be considered as low

pass filters with cut off frequencies well below 1 MHZ.

.Another problem with some sections of OH EDNs is that they
. may have single phase sections fed off the main polyphase '5
30 netwofk. This may result in an unbalancing of the network |
creating impedance miss-match and subsequent radiation of
the HF signal(s) from the network. This makes the network
very lossy and reduces propagation of the
telecommunications signals.
35
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conmuni cati on signal s, . Suitabl e network service term nation points
for 5 power transformers in an OH EDN as described above or to

decoupling any single phase sections fed off the main
polyphase network. ' ' _

The present invention aims to proﬁide a merhod and _

10 apparatus for telecommunications transmission on a power
network which alleviates some or all of the above
problems. ' o '

‘Accordingly, in a first aspect, the present invention

15 provides a balanced’ electr1c1ty distribution and/or power
transmission network, the network 1nc1ud1ng input means
for the input onto the network of a telecommunications
signél having a carrier frequency greafér'than
approximately 1MHz from an unbalanced source and output

20 nmeans for removing-said'telecommuniCations signal from the
network wherein said input means and said output means
provide impedance'ﬁatching_between said network and said
source.

25 Thus, propagation of HF communication signals over such
networks is optimised, and the'input and output means
(“*conditioning units”) provide for interconnection between
a source e.g. a relatively low impedance unbalanced HF -

. (possibly coaxial) termination, and a high impedance

30 balanced OH EDN, and provide efficient unbalanced to

balanced impedance transformation and termination.

In this way both speech and data signals can be
transmitted at carrier frequencies of greater than
35 approximately lMHz;_allowing for a larger available
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induct i ve pousEs! 8208 aPBEORKE: calPPEP crect@RAELLO" BADKSpually
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10 telecommunications signal once modulated. :

On, for example, a 400V network the carrier frequency may ‘l
preferably be between 1-10MHz, and on, eg., a 1lkV network
may be between e.g. 1-20MHz, or possibly 5~60MHz. However

15 the frequency may be up to 100's of MHZ depending on the
network and the application. For example, over short
distances (10-20m) a frequency range of e.g. 1-600MHz or
'1-800MHz may be used.

20 The power network may include one or more phases..

~ Preferably the network is a polyphase network inéluding
e.g. any one or more of 2, 3, 4, 5, 6, 7 etc phases.
Different sections of the network may include different
nunbers of phases. '

25 , _ . _ .
The network may typically be a trunk and branch multipoint
(or multipoint to point) electricity distribution and/or

_power transmission network.

30 Preferably the network is balanced i.e. provides balanced
transmission. characteristics. The network may be an
“overhead” network i.e. the cable(s) of the network may
lie above ground e.g. flown or strung between pylons.

35 Preferably at least part (or all) of the transmission



9 . . .
phasors closer to the voltage phasors thus inproving the efficiency of

the EDN at p8VRPMR&uenci es. The effect of such capacit ofGI/GBI¥4823
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i nternal construGdnni®fs ildhe GaRARdeY 2re typilttlOMersidry ead aMeteForihe
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their shunt 23 Ve lyh P RPIHA Yt eri stic

| npedance of the OCH lines resulting in. mniml |oading and

Preferably the power network is a major (e.g. overground)
power network including e.g. any or all of 132kVv, 33kV,
11kV, 415V and 240V sections. The telecommunications _

10 signals may be transmitted over any or all of the sections
of the power network by sﬁitable detection, amplification
and/or regeneration and reintroduction as and when

necessary.

15 Preferably the network includes connection means located
at at least one, and preferably all, of the
- interconnection points between the OH EDN and any
interconnecting UG EDNs. The connection means provide
impedance matched HF connection between the OH and UG EDNs
20 to permit efficient propagation of HF communication
signals between the CH and UG network sections. This
helps to ensure thaf the HF communication signal power may
"be kept to a minimum in order to reduce the level of
radiation from any unscreened OH EDN sections.
25 ' _ -
In order to 0verc6me the problem of coupling HF
communications signals across transformers at various
voltége levels a HF by*paés-unit is preferably provided
which can either provide for balanced to balanced or '
30 balanced to unbalanced by-pass in either direction, i.e.
primary to secondary or secondary to primary sides of the

power transformer.

The by-pass unit may utilise any or all of:  fuse
35 protection, capacitive coupling, ‘dust iron or ferrite
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“transformer. tmaﬂlr@ﬂﬁa@armuit@y imeccr&%iq@@hei Q%sb@Wse obaggefilters
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It should be noted that by utilising HF communications
signals above 1 MHz together with inductor core materials

10 such as dust iron and ferrite, it becomes possible to
-fabricate both high voltage capacitors and high impedance
inductive eléments which are sufficiently small in - ‘
physical size to be retro fitted to existing OH EDN
support structures and in many cases may simply replace

15 existing jumper wires. '

In a preferred embodiment, full duplex facilities  are
provided by utilising, for example, fiequency (FDD), time
_ (TDD) and/or code division multiplexing énd/or multiple
20 access (CDMA) techniques, i.e."signals.may be transmitted
and/or received in all directions simultaneously.

A network according to the present invention may be used
for many speech and/or data transmission purposes, such as

25 remote reading of electricity meters, remote banking and
shopping, energy management systems, telephony (voice),
switched telephony, security systems and/or interactive
.data services, multimedia services and television.

30 A wide range of different transmission techniques are
available for use with electricity power line
communications, each using various modulation methods
including frequency, time and code division multiplexing.
It has been determined that the spread spectrum method

35 offers inherent security and good interference rejection
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7 A coupWaeQT4% (" conditioni ng uni t") i s disclosed i n WPCT/GB2Y38237 >
for coupling high frequency signals to an EDN. However, such a
conditioning unit is not particularly well suited to either coupling HF
comuni cati ons signals across 5 power transfldrners in an OH EDN as

descri bed above or to decoupling any single phase sections fed off the
mai n pol yphasehasagbpkistics. Th%hﬁﬁésﬁﬁppﬁﬁvéﬁﬁléﬁeaﬁﬁﬁlﬁﬁeﬁrﬁﬁiﬂé a

method and 10 appegal BankRiqts! Qﬁamﬂbﬁakéaﬁﬁrééaﬂﬁ@ aaseanosfaapomer
network which alleviates sone or of the above pr obl efrs.

Accordingly, in 8PpFificadplter. the present invention 15 provides a
bal anced el ectricity distribution and/or pomer . transm ssion network, the
networ k i ncludin ut means = for the input _onto the network of a

teIeconnunicaﬁio%@du aEFQHaWeHB9¢ﬁ91§C&H¢F|émpﬁigaﬁﬁncirﬁﬂBﬁPGV'tHBﬂse'

appr oxi mat el y 1NH§nEE@”‘éBuBmQabﬁaCQQs§Q$5§§ Qﬂaegﬂhaytpags V\E8§J.f:i?6n,.
renovi ng sai d tel econuni cations signal fromthe net wor k wherein sa

i nput means and y&ﬂghoapgupmgéaﬁgde, frequency shift keying (FSK),
Gaussian filtered FSK (GFSK), Gaussian minimum shift

keying (GMSK), Quaternary phase shift keying (QPSK),
10  Orthogonal quaternary phase shift keying (OQPSK),
Quadrature amplitude modulation (QAM), Pi/4 QPSK etc.

A large number of standard cordless, mobile and cellular
radio phone communication techniques may be suitable for
15 effecting sighal transmission over a conditioned network.

According to a further aspect, the present invention
provides a method of signal transmission including input
of a telecommunications signal-having.a carrier frequency

20 of greater than approximately- IMHz from an unbalanced
source onto a balanced electr1c1ty power dlstrlbutlon
and/or transm1551on network and subsequent reception of
the signal. Preferably, said signal is transmitted using
frequency, time and/or code division multiplexing

25 techniques.

In a further aspect, the present invention provides a
. communications apparatus (known.heréinafter as a "network
. conditioning unit") for use with a network according to
30 the first aspect of the present invention. The network
conditioning unit includes a pair of balanced low pass
. filter portions for filtering out the low frequency high
amplitude mains power signal i.e. Separating it from the
telecommunications signal (s) and allowing it to pass
35 through the conditioning unit. The unit also includes a



provi de i npedance nmat chi ng between sai d network and sai d sour ce. 25
Thus, prY@H6497348n of HF communication signals over such PCHEBMMNAZ s

optin1sed and the input and out put neans ("conditioning units") provide .
for interconnection between a source e.g. arelatively | ow inpedance
unbal anced HF (possibly coaxial) terriZnati on, and a hi gh i npedance 30

bal anced OH EDN, and provide efficient unbal anced to bal anced i npedance

transf or mat R#tTaRd DaLARGSE BAgh pass| GouRLingagleBentspéet himpet rad

signal s can daovall b3NeElkkeaAnahicatibRk E&sﬂaﬁgcssEémOEharﬁég&;rﬁ han 35
approximately 1MHz, allowing for a_|arger avail 07245

PCT/ GB95/ 02@R4, preferably, a terminating element gf simikg®ctrum and

greater tra@ﬁﬁe@%h@@ %6p%ﬁbtthaIQ%t@§&§t§E 1mpe&éﬁGHeB§YtHEYnéEhéﬁﬁt be
| ess than 1MHZ ie. 800KHz or even as | ow as OKHz, but as it

reduced sb ia& {hat point.

The use of such a unit allows HF signals to be input onto
the network and LF marks signals to pass through the unit.

10 Such a unit may also be used to ensure that the high
frequency telecommunications signals may pass around
transformers on the EDN and/or may or may not (as ‘
appropriate) be coﬁpled to connecting UG EDN’s

15 Preferably, the variable electrical loading effects (i.e.
the load .impedances) of all items which are coupled onto
the network from time to time and which utilise electrical
energy (i.e. the electrical loads) are'isolated from the
communications signals by the action of low pass filter

20 element(s) of the conditioning unit(s).

Preferably the conditioning unit can be connected to the
network in both a balanced and unbalanced configuration.

25 Preferably the network conditioning unit provides
impedance matching between reception/transmission devices
and the power network. Additionally the network
.conditioning unit may carry full load or fault current at

. power frequencies whilst still carrying the voice and data

30 signals.

In a third aspect, the present invention provides a method
of signal transmission using a network as described
herein. '

35



bandwi dt h. lurality of telecomrunicationsS signals na rovi ded,
each havi ng \Ypf”@ﬂégt carrier frequencies. The term "carr\?/’ &é’&%ﬂé’ﬁcy"
ref'ers to the unnodul ated frequency of the carrier signal, and not to
the frequency of the 10 tel ecommunications sjgnal once nodul at ed. On,
for exanple, a 400V network the carrier frequency may preferably be

bet ween 1- 10Mz, Wﬁ@f‘eoé‘l%&ﬂls &é%@iﬁ@tmﬂgmtté@yama@eém yghdbe
1- 20VHz, or p055|bly 5 However 15 the frequency may be up to 100

of MHZ dependi ng{®ndt hethree ri'élﬁ/ﬁﬁ)k SARCERHEC Hpp | PRURY d?ﬁt%‘?krexté?ﬁ)lfelg%
shor t di st arﬁﬁ@péé&tf&’f@m@y fye tienifder aW0F &F £10. 0L -GMNadds and

1- 800MHz nay be used. power network may i nclude one or nore
phases. . Pref GFa#pg. thIa,n ﬂ&%&ﬁlkr% erbpAinente e wiahdudimipcted

€.g. any one 9r HRfRedh 3ny3twc§1 oP tHe Eh@é&sph@é%tween Ridd ec;prghesectlons
of the network may include different unbers of  phases. 25

networ k may typieR2$$s RnG QrQﬁH@%ﬁﬁjQHQﬁﬁﬁF%ﬁ+tlp0|nt ~ (or nult|p0|nt
to point) electricity distribution and/or power transm ssion networKk.

Where signals are being transmitted along a single phase
- electricity distribution service cable a pseudo-coaxial
10 effect may be obtained. Single phase cables may typically
be either concentric or split-concentric. In the case of
a split-concentric cable, means (such as a capacitive
coupling between the parts. of the split- concentric
sheath) may be provided-so that at the desired frequency"
15 the cable behaves as a standard concentric cable. Thus a
pseudb—coaxial effect is achievable and the cable provides
an unbalénced transmission characteristic.

Preferably, any spurious self resonance in the inductive
20 or capacitive elements are avoided. As the lower cut off

frequency of the conditioning unit is increased the

minimum values of inductance and capacitance may be

proportionally reduced.

25 1In a further aspect} the present invention provides an
overhead electricity distribution and/or power
transmission network having a number of phases, said
number being chosen from the list 1,2,3,4,5,6,7,8,9, ....n
.(where n is an integer greater than 9), but preferably

30 -having 1, 2 or 3 phases, and including input means for the
input of a telecommunicatiéns signal having a carrier
frequency greater than approximately 1MHz onto at least
one of the phase.conductors of the network and output
means for removing said telecommunications signal from at

35 least one other phase conductor of the network.



30 Preferably the network is bal anced i.e. pfovides bal anced

transmi sYPIH!

i.e. the cable(s) of the network nmay | ie above ground e.g. flown or
strung between pyl ons. 35 Preferably af4least part (or all) of the

transm ssi o

PCT/ GB95/ 02088 a further aspect, the present invent%on pro%eh¥grk is
external to any bui|ding or prem ses such as an offlce or house and the
signal (s) i P2HAGEHRREHIGIEY disfrdRytdong 2@/ ernROWSArt . | nsi de such
bui | di ngs,

~attenuation
network is

or all ofg1l
t el ecommuni
sections

10

15

n WD 96/ 07245

t rar SnfiRIors indtwdirk, a RGeS ndterorkDiiel1iagos hpaBdmehgs ef or e
' Preferabfy t he power

Maracteristics. The network may be an PE/ERMRO23 net wor k

5

a%oss s relatively u ingprtan Co s
MOt FORRE g ptwork,Qfed FeLRGPRMMALFABLARSe. g. any

Fighal3Heing a Ehif¥ietl T¥eadned0YreagbroRfanThe
cations 10 signals may be transmtted over any or all of the
approximate yglMHz and output means for removing said

telecommunications signal from the network.

In a further aspect, the present invention provides a
method of signal transmission including input of a
telecommunications signal having a carrier frequency of
greater than approximately 1MHz onto at least one phase
conductor of an overhead and/or balanced electricity power
distribution and/or.transmission network, and subsequent
reception of the signal from at least one other phase
conductor of the network, said network having a number of
phases, éaid number being chosen from the list

1,2,3,4,5,6,7,8,9, ..... n (Where n is an integer greater

20

25

30

35

than 9), but preferably having 1, 2 or 3 phases.

Any or all of the above aspects may include features
described elsewhere in this specification.

Embodiments of the present invention will now be described
with reference to the accompanying drawings in which: .

Fig. 1 is a schematic diagram of a part of a network in

which aspects of the present invention may be used;

Fig. 2 is a schematic diagram of a first transmission
system for a network according to figure 1;

Fig. 3 is a schematic diagram of a second transmission

system for a network according to figure 1;

-

i
1
i



o{ t he power network by suitable detection, anplification and/ or.
regener at i on W45t r oduct i on as and when necessary.  1BCT/GBEVR0ZY) v

t be network includes connection neans | ocated at. at | east one, and
preferably all, of the i nterconnection pqishts between the OH EDN and
any i-nterconnecting UG EDNs. The connecti on neans provide I npedance

mat ched ‘HF connegigonsgbggveeschbRaticagdafealDbs 20thoractibhsRibsLbant
propagati on of HF conmunication bet ween .t he OH and UG net work
Bections. This  SYSREPpZOF oacREEMRTknaboPRBLRE EOmRAARER: fon Si gnal  power
may be kept to a mininumin order to reduce the |evel of - radiation
from any unscreened 0 Qve

EDN secti ons
probl em of coupl Fhg- EEA is éoﬁﬁﬂﬁ?cﬁ?FBﬁgnsFéﬁapgnaérggElFP nEgEFﬁEPgaéf

various vgl t aggplegvel s a HF by-pass unit is preferably provided
whi ch can either  provide for bal anced to bal anced or .30 bal anced to
unbal anced by-pass in either direction, i.e. primary to. secondary or

secondary to priFRgy sBdes &f séBeion tReWAEh! AABYPREHRr coaxial £BB1EY- pass
unit may utilise any or all of: fuse 35 protection, capacitive coupling,

dust iron or ferrite :
Fig. 6 is a first embodiment of a network conditioning

10 unit according to the present invention;

Fig. 7 is a second embodiment of part of a network
conditioning unit according to the present invention;

15 Fig. 8 is a third embodiment of part of a network
conditioning unit according to the present invention:

Fig. 9 is a schematic diagram of a prior art unbalanced
conditioning unit.

20 | | |
Fig. 10 is a cross?sectional diagram of a floating
neutral-type EDN cable.

Figs. 11A, 11B and 11C show sectional views through a
25_ concentric, split-concentric and pseudo-concentric cable
respectively;

Fig. 12 is a schematic diagram of a two-wire, balanced,
power distribution and/or transmission network according
30 to an aspect of the present invention;

Fig. 13 is a schematic diagram showing a typical layout of

signal transmission/reception components at a terminal

pole of a power distribution and/or transmission network:
35 '
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10 VO824 ner i npedance matching and bal anced or unBGFGBeUep023
‘term nation capability. The frequency response of the ferrite naterials .
at 50 to 60 Hz is negligible and by. sui tabl e centre tapping of the

pri mary and/ or secondary 5 mﬁndings todéiher W th adequate I nsul ation of

the core S _goo shover protection rovi_ded. I t

shoul d be nol:t'le%' ﬁhda 183 ﬁtci% 6 A3 %ﬁﬁuﬁ' c &b H\g%dlme FgR4l 8Rabove 1 M
t oget her wtmummwrfoeorcenmtceunql tel@comshappattatsi tenaandgherrite, it

becones possi bricate both high voltage capacitors and high

i npedance lﬂﬁﬁﬂﬁnﬁ%ﬁ? %8nents which are sufficiently small in

physi cal size to be retro fitted to eXJstlng OH EDN support structures

and in y ase Y. Sinp pla e 15.existi

preferre ﬁéﬂas Pur© %%HBE é@gFaF|8§ gl&CHRS 59Fd8&°vb91n9
utilising, fan xnﬁﬁndaee breegeenc pvekRBad hnﬂeunder@fsﬁhdapdher code
d|V|S|on nU|tIA¥ eX|ng and/or multiple

Fig. 1 shows generally a network 40. Mains electricity
10 enters the network from an 11kV transmission line 42 (e.q.
an OH EDN), via a transformer 44 and onto a 400V three
phase network 46. The 400V three phase network is .
supplied to a number of lotations, such as buildings 48.
Each of these buildings may ‘receive only a single phaee
15 electricity supply or alternatively may receive a three
phase power supply. '

Voice and data signals may be injected'into the network
(or alternatively received from the hetwork) at a point

20 50, to be transmitted and/or received by users in the
premises 48. 1In order to separate the voice and data
communication signals from the low frequency high
amplitude power signal each signal source and/or
destination is provided with an unbalanced conditioning

25 unit 52 - shown in more detail in figure 9. This network
conditioning unit includes a low pass filter for
separating out the two signals.

p The present invention is primarily concerned with the
30 propagation of HF signals on the OH EDN 42.

A further (high current) conditioning unit 51 may be
fitted between the'eiectricity distribution transformer 44
and the injection point 50 in order to further remove

35 transformer noise from the conditioned network 40. The



20 access (CDMA) techniques, i.e. signals may be transmtted and/ or
recei ved in aVO96IP124%t i ons si nul t aneously. A net wor k accBEHIGRYSH2923 he
present invention may be used for many speech and/or data transm ssion
pur poses, such as 25 renote reading of electricity neters, renote banking
and shoppi ng, energy managenent systens, 1®l ephony (voice),

swi tched tel ephony, security systems and/or interactive dat a. servi ces,
nul timedi a servi caditarfd tisl diitdednwith3@ Aighdeurnears dindudtiosr.ent
tramsm ssi on techni ques are avai l-abl e for use-with electricity power
line ~ communications, each using various nodul ati on net hods I ncl udi ng
frequency, tine &Fid.c@dshdws s pormion gifexdm@H 11lku thaee) eiva ste hetyiordd
that the spread N ood
interference rej Z@telq'té{l E%D%Sésﬁf%\s%lw%a% S%'%lst %a%p%eq

PCT/ GB95/ 020235 transmitted and received using tngLnetwonhugqndmamopumgs

These properties gi;§ AGH Vet Y§/e"¢aBle of the network 40 is underground,

it is clad i.e. is surrounded by a sheath 41 e.g. along
all or substantially'all of its length. However, if the
sét of cables are overhead(as is'the case with most _

10 embodiments of the present lnventlon), ‘such a sheath is
omitted. |

As an example, data 51gnals could be transmltted onto the
~ yellow phase of the network by network condltlonlng unit

15 52 i.e., the signal is applied between the yellow phase
and earth/neutral as shown. The transmitted data may then
be received by any or all of conditlonlng units 52B, 52C
and 52D whlch are connected to the yellow, red and blue
phases respectively. In other words transmitted data_may

20 Dbe picked up on any phase of the cable, including the
phases onto which the signals were not 1njected by the
transmlttlng unlt As can be seen, data can be
transmltted and received by each unit.

25 Each phase”of the network 42 is shown to include a
transformer 43. Typacally this is effected by a 51ngle
three phase transformer unit for all three phases, and not
-by three separate SLngle phase transformers - although the

. latter may be poss1ble.

30 _

Flg. 3 shows a portlon of a three phase network 42 into

E o which and from which data 51gnals may be transmitted and

received using four network conditioning units 52. As
shown, the data signals are transmitted across two phases
35 of the three phase network - in this case the red and blue



| ar ge bandw dth_and hence requires the design of a specific filter.

5 Modul aWPIMOEhods incl ude anplitude, frequency, phase; PCT/GBZ54992%
doubl e and vestigial sideband, pul se position, wi dt h and anplitude;
frequency shift keying (FSK), Gaussa n filtered FSK (GFSK), Gaussi an
“m ni mum shift keyi ng (GWBK), Quaterinary phase shift keying (QPSK), 10

Ot hogonal nar ¥ { £t b N -(%gﬁg e anplitude
nodul at i on %%kf?’Pi?ﬁ?%ﬁ%ﬁ?@é%é cSE¥d %?%é?&; %%‘ %rao sfg% ard cordl ess,
mobi | e and BeFVaFkr using JeplapPrMccerftivring omitehdQues may be
suitable for 15 effecting signal transm ssion over a conditioned networKk.
"According to a further aspect, the present invention . provides a nethod
of signal tE&nSAPsST ORPFRCPRAFTY 2FHUROL imfuget &8 e onfhmi¥Skions signal

having ascaphhge {#EALENCY) 20ci0d LA S s EPPE PXhaRUSL Ve Vit Jfeyn an

unbal anced source onto a bal anced electricity power distribution
and/ or t ran§fi BEPBRARc2MORRPEPRK 5318 cliiRedaneR ept This gray be tdansi gnal .

Preferably, ugahg shomgt ESréuppsiidl el 4641Ws inddEESSREYh 4 | SHufd of
code division nultiplexing 25 techniques. - o
: capacitor on the transformer side. This provides an
optimum impedance and ensures that'an'RF Signal which is

10 coupled between e.g. the red and yellow phases, is not

- shunted down by a low impedance transformer connection.
This is particularly useful if there is insufficient ‘
inductive reactance at e.g. the yellow:phase transformer
connection point. '

15 .

In Fig. 4 an alternative transmission system to Fig. 2 is
shown, in which the data signals are transmitted across
all three phases, i.e. blue, red ahd yellow, of theithree
phase network 40._'; '

20 :

; Fig. 5A shows a simplified cross section of a typical
three phase underground power cable 354, including red
phase 56, yellow phase 58, and blue phase 60. Data
signels are transmitted between blue phase 60 and. earth

25 62, and are injected into the network via network
conditioning unit 52. At high frequencies, the mutual
capacitance between_the phases_effeetively prodﬁces a
close coupling effect. Therefore, sueh a transmission
eystem gives a pseudo-coaxial charaqteristic, roughly"

30 'equiValent to the coaxial cable shown in Fig. 5B. The
mutual capacitance between any two of the phases in the
three phase cable is shown schematically as 64 in Fig. 5A
- similar mutual capacitance exists between other parallel

| conductors within_eingle construction multi-conductor

35 cables. This is how the HF eignals a:e'propaQated on UG



In a further_aspect, the pr esent |nvent|on provi dés a communi cati ons
appar atus (kKWOA%Mei nafter as a "network  conditioni ng uni tPGT/¢BRS0REE
wi.th a network according to 30 the first aspect of the present invention.

The network conditioning unit includes a.gair of balanced | ow pass
filter portions for filtering out the | ow fré&duency high anpl i tude

mai Ns power siganNi CconfRRtEh ! P9 éﬁ 1 Ofh he t el ecomuni cati ons
signal (s) and allowing It to pass 3 rough’t he condltlonlng unit. The
unit also includes a WD 96/ 07245

PCT/ GB95/ 02023 peferring to Fig, 6, an embodimentZo f+ﬁc8& bal anced
hi gh pass coupling el ements for:input an renova of t el ecomruni cati ons

signal s from t hecordibining wnit @¢@¢é¢h@¢yt0aameaﬂpﬁetl@@ bh@nemvemﬁlon
sim | ar '§D69§Tﬁﬁdiea£§ g%@% '§§ é”PEfﬁf&Ec ?ﬁﬂgrggtf@rk

t hat point. e use o e I nput onto
t he network and ccn@atk@nsmgn@msttbopbgs @mabughghhérequency signal

connections balanced about Ov and/or earth.

The EDN connections are made via terminals 1 and 5 and may
10 be for example 110v term 1, Ov term 3 and 110V term 5, or
230V term 1, Ov term 3 and neutral term 5. Fuses Fl and
F4 protect capacitors Cl and C4 respectively in case of
failuré, having low frequency paths to Ov and/or earth via
Ll and L4 respectively.
15 o '
Cl tpget@er with L1, and C4 together with L4, form high
pass filter elements-permitting high frequency signals
above 1 MHZ to be applied at terminals'2 and/or 4, to
couple via Cl, Fl and C4, F2 to the EDN terminals at 1 and
20 5 respectively. Inductors L2 and L5, together with
capacitors C2 and C5, provide low pass filter sections
each having capacitor protection via fuses F2 and F5
respectlvely.' Two similar filter units are cascaded and
are formed similarly with L3 and L6 together with
25 capacitors C3 and C6é with similar capacitor protection via
fuses F3 and F4 respectively. These low pass filter units
allow the ultra low frequency 50 to 60Hz power components
to pass without distortion and to be connected to the
_ customer wiring via pins 6 and 7.
30 _ _
' The communications signals may be interconnected in a
balanced mode via terminals 2 and 4 or split unbalanced
modes between terminéls 2 and 3 or 4 and 3 respectively.

35 The absolute values of the capacitive and inductive



10 Such a unit may al so be used to ensure that the high frequency

t el ecomMR96BIMdHNs si gnal s may pass around t r ansf or "eERGI/GBOSI2023EDN
and/or may or nay not (as appropriate) be coupled to connecting UG
EDN s. 15 Preferably, the variable elegtrical |oading effects (i.e.
the | oad i npedances) of all itenms which are coupled onto t he network

fromtine techpbRents WiLhasihénd Sepeh cehéi €Rdracte£SEDY {p&dardde
el ectrical |qads) are .isol ated %Le comquni catjons_signals by the

om t he
action of | 8% PRESEPN PRt BYPLFRheRttUss of ¥ nd 2OnoRRi HrperAnRes (HIY .
Preferably pbe r2ndit3oning xm.é €ansbgysoonestes £ocdhe ¢5 =g work in
both a bal anced an unbannﬁfq_co figuration. 25'PreferabI¥ t he network
condi ti oni ng-Bhi #EPr ovi HeES 'iﬁ%éﬁa% & n? chi 7 Det@y LI = L4 =
recepti os/tL80SgHSSCON=0yi€e5.01 ubdd the power network. Additionally the
net wor k conditioning unit may carry full load or fault current at
power frequencies whilst still carrying the voice and data 30 signals.

In a third aapecsiertte ofEieréntyecduple ptoVécemmani®itioshs of signal

transm ssiop using a. net k as crjbe . -
Qransmgs51ons {nes (f%f) it fg important to ensure:-

10 1. Correct impedance at the point of interface.
2. That the network propagation characteristics remain
constant. _ _ : ‘

When utilising an EDN to carry high frequency

15 communications signals efficiently interact between the
TTL and the EDN is made via a conditioning unit. Provided
that the TTL us unbalanced, i.e. coaxial or pseudo coaxial
and the EDN is similarly coaxi;l or pseudo coaxial (e.g. a
UG EDN), then efficien; interface and communications

20 signal cross propagation will fesult.

However, if it is required_to intefface between say an
unbalanced coaxial or pseﬁdo coaxial TTL, and say an open
wire balanced overhead EDN or a floating neutral type EDN

25 either overhead or underground (as is the case with the
present invention), then a conditioning unit such as shown
in fig. 6 is required to efficiently transform between the
unbalanced and balanced network_sectidns.

30 'Figures 7 and 8 show embodiments of, respectively, low
.pass and high pass filter elements which could make up a
conditioning unit according to the present invention.

Fig. 7 shows how inductors and capacitors may be combined
35 to form low pass balanced filter elements and how they may
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beging transmtted al ong a pol yphase (e.g. three phase) electricity
power network, the signal - propagati on may be between any or all of the
phases and ground. In preferred enbodi mestls the signal is injected 5
bet ween any two of the gga es, or betmeen.gne of the _ .Ehases and a
neutral conduct oP® ©ascadgficfe LFRFAYS BPETBEPARCEr anERF t FERTURRAECS 2PHVR e
phase el ectricMig thet LhButtors Sefidi €8psabters RaguUBe-maEattifed

effect may be obtaiped. __Singl e phase cabl es. may typicall be either
concentric or spW?%HCBHEEﬁngEFl?nSTﬂ%fcﬁggstaX dXﬁegﬁ}?¥§cﬁﬂbéﬁtF?ébe
cabl e, means (sughcaadedcgpasvéiNéad EDNOURLtREubetnBenebéBetparmsj@F the
split- concentric sheathé n?y be §¥OV|ded so_that at the desjired
frequency 15 °t hE®ERPPELBERAY QT akhe SX13EiRY PBhCcRTr FeWREPQURESE s 4
pseudo- coaxi al etbmpbnefitdchi evable and the cable provides. - = an

unbal anced transm ssion characteristic.

A typical value for a LPF inductor element, say L10 or
L11, for an overhead EDN with a phase to phase line d

10 impedance of say 600 ohms, is in the order of 50uH. Such
.an inductor may be formed over a ferrite core to further
reduce its physical size and provide for a LPF cut off
_frequency below 1 MHZ. Th® inductive elemen; is also
designed to carry full EDN load and fault éurrents,A

15 |
If the low cut off frequency of the filter is raised to
say 5 MHZ then the value of the inductor may be reduced
proportionally to 10uH with further reduction in the
physical size of the element. Two inductors' of simiiar

20 'value should be utilised, shown- -in Figure 7 as L10 and
Lll, in order to maintain a balance of the lumped
transmission line barameters. ' '

Similarly, the LPF decoupling capacitors Cl1l0 and Cl1 have
25 typical values between 0.0l and 0.001 uFds. Capacitors of
these values may be of relatively small .physical size for
working voltages up to 33kV and are easily'mounted at the
.appropriate points on overhead EDN poles or towers without
. restructuring of the existing components. o
30
‘Such LPF elements may form part of a balanced EDN -

conditioning unit design, as shown in fig. 6.

Fig. 8 shows how inductors and capacitors may be combined
35 to form balanced, high pass filter (HPF) elements and how



Pr ef er ab spurious self resonance in the inductive 20 or capacitive
Wo asdtill, P 2028

el enent's ded. As the |ower cut off f r equency PER/GBIEC
conditioning unit is increased the m ni rum val ues of inductance and
capaci tance may be proportionally reduced. 25 1In a further aspect,
the present invention provides an o] head el ectricity distribution
and/ or power, transm ssi on Qg%ynnk havingﬁgfpunber of %hases, said
number bei ngtRAHIRY HOMITEIE (0 FPFoyes Merfogmance. | FOr "(here n s

an integer gfmseduendien doveblt MHZe fttveaiindud odsaeingy chpa2ifbrd pAgses, and
i ncl udi ng i nput s for the inaut, of .a tel ecomyuni.cati ons signal
havi ng a ca&% é?anrﬁlafjach*‘g N&%F&%Tc%%yap’ﬁpg;‘i méllfatﬂvl—h onto at
| east onkinEng iromspheas e sc arod et dinge Jafd eidh 6 n etveathieagn @Dt pithout neans .
for renovin ai d teleco ni.catiQns. signal fr at 35 .l.east one ot her
phase conédu%c[rg? %gecfécrng\]}%rrk%es ru%%’@%?fz?he existing pole oz

: 14

PCT/ GB95/ 020 &8+er mounted components.

A typical value for a HPF inductor element, say L13 or
L14, for an overhead EDN with phase to phase line

10 impedance of say 600 ohms is in~the order of 250 uH. Such
én inductor may be formed over a ferrite core to further
reduce its physical size and provide for a flat HF '
amplitude response above 1"MHz, with minimal attenuation,
when combined with C13 and C14.

15
The. prime objective of these shunt inductive elements is
to provide low impedance paths to the earth and/or neutral
of the EDN should a capacitive element:fail. The
resulting high current at 50/60Hz will then cause -

20 protective devices such as series line fuse links to blow
and protect the EDN accordingly. 'The inductoré also
sharpen the frequency response of the HPF units.

A typical value for the HPF coupling capacitors Cl3 and
25 Cl4 lies between 0.01 and 0.001 uFds.- Capacitors of these
values may be relatively small in physical size for
working voltages up to 33kV and are easily mounted at the
_appropriate points on overhead_EbN poles or towers without
. restructuring of the existing components.
30 _
The values given for these cbmponents are exemplary only)
and different preferred values will be appropriate for
other design frequencies.

35 Fig. 10 shows a cross sectionlthrough an EDN cable 100



In a further ect t he present invention provides a bal anced
electricity awz? #%i on and/or power transni ssi on net wor KPCVEBISR0For k
i ncl udi ng i nput neans ‘for the input onto the network of a

tel ecommuni cations 5 signal having a carrie?3frequency greater than
approxi mately 1Mz and output nmeans for renoving said

t el ecommuni cat i WRIGR ghaldesiFRehEnRERFIde 2 £loating MAYtEL a5 8@ Oft he

present inventi oph@redmdlescc sl O et ash OfcitHied tHANSIT S A pHdYd udi ng
i nput of a t el ecomruni cati ons S|gnal having a carrier frequency of

greater than appfokiadfelthe MEGhiGREELIeRddhe IRk LT SRR BENS an

overhead and/ or hetanced el efddt DINaRoME¥ is uﬂsﬂaﬁéwtb;pre apd/ or
transni ssion network, and subsequent 15 reception of the signal from at

| east one ot h2r HheEggnated RARRE AT G RMVRRT ioyne i ek branch ffieng a
nurber  of hé’@@ﬁe ﬁ'&ﬂmrub%r@ @%ﬁufr&wé&e d¢ dluminium
1,2,3,4,5,6, 7, 8 ..... nis an I'nt eger greater . than 9), but

preferably havi @hq_atl'g ]tﬂ‘l 3‘%&31’ fupiien Prgteqted Ry a‘-’tﬁﬁ%l d8Fect s
may include featykgsyr. described elsewhere in this specification.

Enbodi nents of the present invention will now be described 25 with
reference to the acconpanying dramﬁngs I n whi ch:

10 The lead sheath is normally at earth potentlal and in the
UK is bonded to earth at the distribution transformer
point. The conductors may be of. copper or aluminium
construction and under.nor@al conditions the 50/60Hz phase
and neutral currents should be equal in maghitude and .

15 opposite in phase, i.e. balanced.

At high frequencies abdve 1 MH? thé cablé may be treated
as a pSeudo-screened_cabie with Signal,pGCagation between
the earth sheath and'phase conductor, the'earth_sheath and
20 neutral conductor or between the phase and neutral
'~ conductors. - . -

In the UK, UG EDNs usually have the neutral bonded to
earth at the transformer point, therefore the”HF signals

25 would normally be propagated between the phase conductor
and the earthed cable sheath. Then, when cdnnecting to a
conditioning unit as shown in Fig. 6; the earth cable
sheath is attached to the conditioning unit at point 3,
the phase conductor at, say, point 1 and the neutral

30 " conductor at point 5; the HF communication signals being
applied via point 2 and point 3 (earth).

All HF signal components on both the phase conductdr and
~ those capacitively induced Onto'the neutral conductor will
35 be attenuated by the low pass filter sections created by



Fig. 1 is a schematic diagramof a part of a‘network in whi ch aspects
of the PJYR2W24 nvention may be used; 30 Fig. 2 is a HFERSON2; agr am

of a first transm ssion system for a network according to figure 1;
Fig. 3 is a schematic diagramof a second transm ssion systemfor a
network according to figure 1; 35 0 96/ 07245

PCT/ GB95/ 02023 : 15 Fig. 4is a

schematic dtadrami? @1 i} o (TR &8 on C6 respactiivedy-a net wor k

according tpnéi@fsfe liat pointi@ oy ithed rdfifiy e H0/HOH Rl a typi cal
three phase 5 cable;, o, . .
voltage, with respect to neutral at point 7, is presented

at the customer’s electricity meter point.

Referring to Fig. 9, a prior art unbalanced conditioning
unit - as shown in WO 94/09572 - is indicated generally by
the reference numeral 10 and is connected between a mains
electricity input 12 and a mains eleétricity output 14. A
10 signal input/output line 16 is alsb connected into the
filter. The mains power line is a Standard S50Hz mains
electricity power supply providing a domestic eleétricity | ‘l
power source of 240v at a maximum cu#rent of 100 amps for
normal usage. | '
15 _
The filter 10 is assembled into a metal box which prevents
radiation of the communication signéls'to externally
- located appliances and which provides é connectioﬁ_IS to
earth for the signal input/output line 16. The filter 10
20 inciudes'a first or main inductor 20 formed e.g. of 16mm?
wire wound on a 10mm diameter, 200mm long ferrite rod with
30 turns of wire therearound. This provides ah inductance
of approximately'SOuH. This may be a minimum for the
signal characteristics utilised. The use of better
25 materials or a plurality of series indﬁctors would
increase the inductance of the inductor up to, for
example, approximately 200uH.

.Each end of the main inductor 20 is provided with a

30  connection to the signal input/dutput line 16. A first
connection 22 between the mains electricity input 12 and
signal input/output line 16 comprises a first or coupling
capacitor 24 having a capacitance of between 0.01 and
0.50uF, and preferably around OQluF. This coupling

33 dapacitor 24 is connected to a first fuse 26 which is



ng. 5B is a section through a typical coaxial cable; Fig. 6is a
first enbodi N¥RI6/8T248 net work conditioning 10 unit accordi ng t8CTIGBIHN2WIBNt

i Qvent i on; Fig. 7 is a second enbodi nent of part of a network
conditioning wunit according to the present invention;- 15 Fig. 8is a
third embodi ment of part of a netmork tioning unit according to

t he present |nvent|on : $,e2 sch dla r.am_of r|or art
unbal anced - Qﬁﬂ ﬁﬁ &ﬁ%% e ﬁyﬁf ﬁf U%Fbgf §e% &ﬁa

di agram of a roa-Ievﬂopmgwaui rcmlpafc)ipterEm .cable. Figs. 11A, 11B and
11C show sectional views through a 25 concentric, split-concentric and
pseudo-concentric cable respectively; Fig. 12 is a schematic

di agram of a two-Avsexsonzhlcomtettion 280micladidels iab weicomdaadpakcittoansBi Ssi on
net wor k accorcgrukaving_a capacitance of between 0.001 and 0.50uF,
preferably around 0.1luF. This capacitor provides further
‘attenuation of the communication signals by shorting to
the earth or ground 18. A second fuse 32 is provided to
‘blow if a fault develops in the second capacitor 30,

10 thereby preventing further unit damage.

The signal input/output line 16 is connected to a second
inductor 34 having an inductance of approximately 250uH
minimum. This_inducto: is provided as a damage limiter in
15 the event of failure of the coupling capacitor 24. 1In the
event of such a failure this inductor provides a path to
the ground 18 for the Soﬁz mains electricity power
~ frequency, thereby blowing fuse 26. The inductor has no
effect on the communication frequency signals present on
20 the signal input/output line 16.

It is to be noted that the neutral conductor is not

filtered, and therefore if this unit was to be used with a

phase/neutral system, then unwanted signals’ could still
'25- pass through. |

Figs. 11A, 11B and 11C show sectional views through a
- single phase concentric, split-concentric and "pseudo”-
concentric cables_fespectively, ‘A typical concentric
30 single phase cable (as illustrated in Fig. 11A) consists
of a central metallic.conductor core (typically aluminium)
- .110 surrounded by an insulating layer 112 (typically PVC).
Around the insulating layer 112 are laid a plurality of
metallic conductors 114 (typically copper) over which lies
35 an insulating and protective sheath 116 (typically PVC).



30 to an aspect of the present invention; * Fig. 13 is a schematic

di agr am W¥a7245a t ypi cal | ayout of si.gnal transm ssi ®CKIGRISPIRDN
-conponents at a term nal pol e of a power distribution and/or
transm ssi on network; 35 WD 96/ 07245 '

PCT/ GB95/ 02023 26 - 16 Fig. 14 is a
schemati ¢ di agram of an enbodi nent of an I nterface for connecting

tel econs appkl a8 the aemitgial andyerride amet womkined SnFLhe 0Btes a

schematic dlds'a}g Ur Fhetanqyict cggaueq:gy:gdllrig an interface between
over head an er ground power cabl es. Fig. 1 shows generally a

network 40. Mains electricity 10 enters the network froman 11kV
transm ssi oy |ddig e chn@ehtric cable (as illustrated in Fig. 11B) is

5 similar to the concentric cable except that the outer

layer of metallic conductors 114 is split into two
portions - e.g. an upper portion 115 and a lower portion
117. These portions are divided by insulators 118, 120
and in use the neutral and earth_are split so that one

10 portion of the outer metallic sheath carries only one of
them. '
In order to maintain a'pseudo-coaxial effect in the split- |
concentric service cables at the desired transmisSion -

15 frequencies (e.g. above 1MHz) one or more capacitors 122
‘may be connected between the upper and lower portions 115,
117 of the outer metallic sheath 114. These capacitor(s)
may be fitted e.g. at the termination and/or conditioning
points of the cable. '

20
Fig. 12 shows the HF conditioning concept according to the
présent invention épplied to a section of, say, OH
balanced EDN. g

25 The conditioning unit shown comprises of a LP and a HP
filter section (LPF and HPF respectively) connected so as
to permit directional coupling of the HF communications
.signals to the conditioned network section 1201, i.e. the

. section of EDN between the two conditioning units.
30 ' '
~ F, and F, are typically protective line fuses providing
interconnection to the HP filter unit which is in turn
coupled to an isolation transformer 1202 consisting of,
'say, a ferrite core material so as to give good high
35 frequency coupling, -primary to secondary windings, between



an OH EDN), via a transforner 44 and onto a 400V three phase networ k
46. The 400WOR¢@R4phase network is. suppl i ed to a nunber- BCT/GBA3102023 S,
such as buil di ngs 48. Each of these buildings nay receive only a single
phase 15 electricity supply or alternatively may receive a three phase’
power supply. Voi ce and data signals n28y be injected into the network
(or alternatively received fromthe network) at a point 20 50, to be
transmitted and/2RY rlecand et B‘&HZJ-sers in the - premses 48. In order to
separate the voice and data ' - communication signals fromthe |ow frequency
hi gh anpl i tude power signal each signal source and/or destination is
provi ded wi th arTh@baramekeresmdis ildhi Hirprapnectsd -tairdde nore det ai |

in figure 9. Thigy ﬂ%ﬂ%r/r&%’!ﬂ}é Q9 ms wﬁéwc@&@sﬁﬂ%%ﬁ filter

for separatlng out e two signals present 1nvention is
primarily conZer¥ReriVes signais agﬁdtﬁgmdwtbwnmmyi geredwiating Al By
42. A furt hegrf{dohs ol BNtds CREAONENY vl ta SodEy \Bﬁm 1204 btk cn
bet ween t he electr|C|ty distri lﬂ?on tran orner 4f’ and t r?ectloﬁ

point 50 in ordeiNRWLS Lﬁﬂ%é?ut?@%ﬁﬁ/esﬁ‘ﬁFQh /Aatorand/ opiiRage orignrls as
condi tioned net wakle-&0-j ., * The speech signals may by-pass the modem and

. be interconnected directly to the TX/RX unit in an

10 analogue form if required. If the signals input to the
modem are presented in a common digital format then théy
may be easily multiplexed or combined for transmission
over the network. The trahsceivers may operate in
simplex, duplex or half duplex as required.

15 -

" With a conditioned section of balanced EDN as shown, the

HF communications highway thus formed is immune to the

effects of variable 50/60Hz loading i.e. HF noiée

components generated by certain types of 50/60 Hz'

20 electrical loads. Directional coupling of HF
communications signals above 1 MHZ onto any section of
balanced OH or UG ﬁDN is thereby permiited.

"It should be noted that by utilising high frequencies
25 above 1 MHZ the HP and LP filter section components, which
form the conditioning units, become sufficiently small, in
physical size, to be mounted on e.g. the EDN OH wooden
-poies or steel pylons without méjcr modification to
. existing EDN hardware. Similarly on UG EDNs the
30 conditioning unit components may be incorporated in cable
joint housings, roadside pillars, street lighting columns
and the like.

Fig. 13 illustrates the potential location points for the
35 various OH EDN HF conditioning components 1301 as applied



WO 96/ 07245 ) PCT/ GB95/ 02023
17 . YW%O84S; s fitted with a high current inductor. PCT/GBES2Y shows

a portion of an OH 11kv three phase network 42 into which and from
whi ch data signals may be 5 transmtted and received using the network
condi ti oni ng units 52. If the cabl ®%f the network 40 is underground,
it is clad i.e. is syrrounded b a Bg th 41 e.g. along all or
subst anti al | §° & IYFASH SUPERRG . *if the set of cables are

‘overhead(as is the case with nost 10 enbodinents of the present invention),
such a sheat dat a signal s ﬁguld be

transnmitted ﬁbﬁ Qﬁ§egg %ﬂﬂqqﬁﬁﬂﬂiaéé%éf Hﬁéﬂgg%%b SOTR? Pkt

condi ti oni ngleau toflthebHdoden pdle 3302al xS 13pR itedphetasautheryel | ow
phase rth/neutral homn The tra smtted data may then be
recei ved %y 2y, e &fn %hl% ogacky@f the, congUBERRSch are

connected t 01308 V90QWandd aetdlipldng capac:.tor 1306 may connect
each conductor to local earth 1307. A tap wire 1308 is
taken from one or both of the conductors 1303, 1304 to the
RF coupling unit 1301 which is mounted on the pole 1302.
10 A coax feed 1309 then connects the RF coupling unit 1301
to TX/RX equipment 1310.

Fig. 14 illustrates a bi-directional;_balanced, OH, EDN
conditioning unit such as may be pole mounted as in Fig.
15.13. J, and J, connect onto two phase conductors of a
polyphase OH EDN. Protection is afforded by fuse links F;
and F, and HF coupling is provided by capacitors C; and C,.

HF electromagqetic coupling is then'provided by T; which
20 has typically a dust iron or ferrite core. The core has
the appropriate turns ratio, primary to secondary, to
provide the requiréd impedance match between the EDN OH
balanced phase conductors and the unbalanced cocaxial cable
1401 which will interconnect wvia the safety box 1402 to
25 the HG transmitter receiver unit(s).

The windings of T; may be bifilar or trifilar in order to
_provide the balanced to unbalanced termination
. fequirements. The'primary and. secondary windings are
30 bonded to earth to provide protection paths for F; and F,.
Optional fuse links F3; and F; may be included in the safety

box.

Typical domponent values for a 25kV.OH EDN bi-directional
35 conditioning unit might be:-



phases respectively. In other words transn1tted data may 20 be pi cked u? on
any phase ofWOH60B4b| e, including the phases onto which tﬁ€¥§?ﬁﬁﬂﬂg
were not injected by the transmtting unit. As can be seen, data can be
transmtted and received by each unit. 25 _ Each phase of the network 42
I's shown to include a transformer 43. Typically this is effected by a
singl e thre pha r ornmer unit. for all three phases, and not

-by three separ hgTéEBﬁéégﬁqfuwforners - al though the latter may be
possi bl e. 30 F F1=gF23=S¢EIWSHRC pfude dninis at s SETHIESAS network 42 into
whi ch and from whi ch_dat nal s ra tt ei.y,

four network CO\#gltISﬁl ngﬂfﬁl %ﬁﬁé n]tS) ‘?1%% 'si%r‘g%gﬂ 5387 Lﬁ&gﬁg
transmtted acr@sSOVﬁOthasekvaa betwear tbrmenamase netmork - in this case
the red and %Iue WD 96/ 07245
PCT/ GB95/ 02023 18 phases. This

exanpl e coul d aﬂgo-apmlyutmsa.%ﬁtmncemtre tap} wrkmargi ngs bahensed

condi ti oning un'%%o% g%y, core type Hawnt Electronics 3Cll.

 RFC1l = RFC2 = 50 uH wound on ferrite core to sink
10 potential 50/60 Hz fault current and rupture HRC fuse
link(s) F3 and/or F4. :

Fig. 15 shows a section of- overhead (OH) polyphase (3
phase and earth) electricity distribution network (EDN)
15 1501. By suitable interfacing, a high frequency
communications signal above 1 MHZ may be impressed on the
- network e.g. between black and blue phase conductors.

In order to propagate HF signals efficiently between such

-20 a section of OH EDN ahd a phase to neutral section of UG
network, a. suitable HF coupling érrangement becomes
necessary to overcome the problems of impedance matching
and balanced to unbalanced network termination.

25 In order to provide HF coupling to the OH network, .
interconnection via a high frequency ferrite transformer
element Tl is made via protective fuses F1, F2 and HF
goupling capécitors;Cl_and C2. HF transformer Tl is
typically designed to match from a 600 ohm impedance

30 balanced line to a 50 ohm impedance unbalanced UG cable
with coupling via HF coupling capacitof C3 and protective
fuse F3.

_ In order to prevent the unbalanced underground pseudo
35 coaxial conductor (UGC) from loading the balanced OH



| f one or nmobre phases are not in use (e.g. the yellow 5 phase in Fig. 3),
t he non- WA/ ﬁ&ses(s) may be term nated to provide aﬁ IGROYPAOZAL e

i npedance. This may be done using an "L" circuit i.e. a series inductor ,
with a shunter capacitor on the transformer side. This provides an

opti mum i npedance and ensures that an Rﬁosignal which is 10 coupled

bet ween e. he ed a d | ow hases 0] shupt ed ,down
i mpedance ?P? ?PE ﬁxggFFoﬁ mprls%ﬂgs ? £per¥2(ﬁﬂ |q7ylﬁsBFbE¥Fthhere

i s insufficiwaere L, 1swob5,e§:lca1rgpanoa.amqm atc,elg ttypacmlwow phaged and
transformer . connectL$ g@ é L? #g an alternative

transmi ssi ofrzsySt E¥PEEAHY. 2 # h%?]%vﬂlszl' %‘FW% RFUHAe HEgnal s are

transmitted c@ﬁaﬁzt&onmgabt theeeDphan@speimet Bheenetwdriango yel | ow, of the

t hree %%e net | fied cross section

o o pio e cIBRIL A s B, ol En R ePo Ea e L ebt S SRR 1 o
phase 56, yaltl advtphasewbBreqadndlpeipbasp06fo 60alg, andsignals are

transmtted betweenﬁgLue phase fo aﬁd eaghﬁFQS 62, and are injected into
t he net wor k SPPRURSERGFRRS StERATPi BRPKG 52. At high frequencies, the
mut ual ~ capacitance between the phases effectively produces a cl ose
coupling ef& t ge efor such_a transni ssion system gi ves
pseudo- coaxr &l ecfihp %5?P§ Eme’r'o'ﬁgm?/sﬁc%?ﬁ?/a?wé& Jﬁ%”cyo%fﬁlﬁh cabl e
shown i n0Fi grovBdesTREULF path for fuses F; and/or F, should capacitor

C; and/or capacitor C, become short circuit.

The UG cable feeds a numbetr of single phase ground mounted

transformers each of which has an HF by-pass conditioning

15 wunit fitted. The HF signals impressed on T, primary are

coupled via safety fuse F, and capacitor Cg onto the

primary winding of HF transformer T, which has a ferrite

core and is connected in series with earth (Ov) .

20 Thus the unbalanced HF Signal present on'the UG feeder and
' across T3 primary is also impressedfon T, primary. It
should be noted that the primary impedance of power
transformer T; is relatively high.at HF. The turns ratio
and windings of T2 are such that the secondary winding
25 presents a balanced impedance transformer HF coupling via
C4r Cs and safety fuses Fg and Fg to the balanced centre |
tapped secondary of T; and onto the secondary mains cables
off T; secondary to the customer premises together with -
. the ULF high amplitude power components. It should be
30 noted that the secondary windings of T; represent a
relatively h*gh impedance at power frequencies, i.e. 50 to
60 Hz.

The invention is not confined to the foregoing details and
35 variations may be made thereto within the scope of the



mut ual capacitance between any two of the phases i'n the t hree phase
cable is shovWOS6RE4btically as 64 in Fig. 5A - simlar nut ee/cBYs02023
capaci tance exists between other parall el conductors_ within single
construction multi-conductor 35 cables. Th8% is how the HF signals are
propagat ed on UG WO 96/ 07245 R P

PCT/ GB95/ 02023 invention. _ 19+  EDN s connected to
an OH EDN. Referring to Fig. 6, an enbodi nent of a bal anced :
conditioning unit according to an aspect of the invention 5 is indicated
generally by the reference nuneral 10. The conditioning unit 10 has

dual high frequency signal - connections bal anced about Ov and/or earth.
The EDN connections are made via termnals 1 and 5 and may 10 be for
exanple 110v term 1, Ov term 3 and 110V term 5, or © 230V term 1, Ov term
3 and neutral termb5. Fuses F1 and F4 protect capacitors Cl and C4
respecti.vely in case of : _ - _



failure, having | ow frequency paths to Ov and/or earth via L1 and L4
respect i \%‘I’?"“”%‘!ﬁ Cl together whth L1, and C4 toget her RATVGBI5420280r m

hi gh pass filter el peeniltting high frequency signals above 1
MHZ to be applied at ggﬂﬁﬂé1 2 anf/or 4, to couple via Cl1, F1 and C4,
F2 to the EDN term Yﬂs;gm*& ang 5 réﬁbectlvel | nductors L2 and L5,
together with e C2 and G5, provfae_T%ETBEEE“T‘TT“‘SeCtions
each havi ng capaci tor protection via fuses F2 ﬁmmm tlvel y. Two
simlar filt@aamyts are cascaded and are I"S"m ﬁm with L3 and
L6 together with 25 capacitors C3 and C6 with 8infl & ®apaci protection
Vi a fuses F3 and F4 respectively. These Iom/pass filter unlts al | ow
‘the ultra | ow fredyanghced feqe@Q'ilaoq%eals%EBﬁ%%a and/bg paéérw'thout

di stortion and to be connected to customer wiring via pins 6 and 7.
30 Théd c ranFdgsions neityRks #&y petwarkr éogAudiag inpput mepasanced
mode VI a terggnane inght 4ntb TRkl he‘é%%'ka%eﬂ telaeeﬁﬁuti§&%§8n&erm nals 2

and 3 or 4 and 3 respectively. 35 The absol ute values of the capacitive
and i nducti vdgnal having a carrier frequency greater than

approximately 1MHz from an unbalanced source and output

means for removing said telecommunications signal from the
10 network, wherein said input means and said output means

provide impedance matching between said network and said

source. ‘

2. A network according to claim 1 wherein said input
15 means includes means for Connecting to a source which is a
relatively low impedance unbalanced HF coaxial source.

3. A network according to claim 1 or claim 2 wherein.
said network is an overhead network.

20
4. A network according to any one of the above claims
wherein at least pert of the network is external to any
building and the signal is transmissible along said
external part. .

25

S. A network according to any one of the above claims
wherein the network includes connection means located at
-an interconnection point between the network and an
- interconnecting unbalanced network, said connection means
30 providing an impedance matched HF connection between the
two networks to permit efficient propagation of HF
communication signals therebetween.

6. A network according to claim 5 wherein said
35 interconnecting unbalanced network is an underground power

Sheet Has Been Re; laced

T

£



VO 96/ 07245 L ____PCT/ GB95/ 02023

20  conp¥WU2A4% || depend upon {hgsGRRERARAEBEST IC. I rrpedar?é’éWGms’”B?”t he
EDN but typical values for a 50 ohm egﬁgﬁgc PN are L2 = = = L6
=16[err]H; =B = == 6 k& 001 _Pul-

= F5 = F6 = 500m; L1 = L4 = 5 150 [err]H 381 = =

I n order to efficiently couple teleconnunlcatlons tra ' l” ﬂ"
(TTL) it is inporewRrko ensure:- 10 1. Correct inpedancec

of interface. 2. That the netmork pr opagati on: characteristics renaln
const ant . When utilising an EDN to carry hi gh frequency 15 .

comuni cati ons sl gnal® REEWQANAISOTHRG k@ FRY vRee ¢fHethe ahqme Serime EDN
is made via a C%f\%&iﬂd‘%&@'éecﬂa{ﬂé L netwéf'ﬁ‘tséﬁ'f‘f +d waced,
y coaX|

I .e. coaxial or pseudo coaxi al IS sIm al or

pseudo coaxi a? (%?iﬂsﬁprmerAX§QHﬂQert*ﬁ#ﬂ%ﬂ¥¢%|%ﬁthTE%§$eﬁﬁ?@ﬁuﬁor
conmmuni cati ons 20rar5d i i i OS5 PTORANRE | PFoM bhe '§FULdid network sectlons

to the other, by-passing said transformer.

8. A network according to any one of the above claims
10 wherein the carrier frequency is between approximately 1-
60MHz2 .

g.. A method_of Signai transmission including input oﬁ:a_
telecommunications signal having a carrier frequency of

15 greater than approximateiy IMHz from an unbalanced source
onto a balanced electricity power distribution and/or
transmission network and subsequent reception of the
signal, wherein said source and said network are coupled
by coupling means which provide impedance matching

20 therebetween. '

10. Communicationé apparatus for use with a balanced
‘electricity distribution and/or power trénsmission
network, including a balanced low pass filter portion for
25 allowing, in use, a low frequency high amplitude mains
electricity power signal to pass through the apparatus,
and a balanced high pass filter portion for coupling HF
.signals having a carrier frequency of greater than 1MHz
. onto the network.

30
11. Communications apparatus according to claim 10
including impedance matching means for impedance matching
between reception/transmission devices and the electricity
- power distribution and/or trénsmission network.
35

Sheet Has Been Replaced

G




However, if it is required to interface between say an unbal anced

coaxi al WP’QQ’@A@IO coaxtH's‘gﬂEET gﬂggga\yian open Wi re bDRCEGBISH2028er head
25

EDN or a floating neut t {igeACEN i ther overhead or underground (as is
the case with the [esent in _ ), then a conditioning unit such as
shown infig. 6 is required to effigtently transform between the

unbal anced and bal anced network sections. 30 Figures 7 and 8 show
enbodi ment s1%f, GPUPILGaALIGNS |aRParaiids AcaRrHingh toasd aim 48r o8l enent s
whi ch coul demise pp ﬁxclu&%dlﬁéaqm Kb Adn Y el ngﬁeamgseet

i nventi on. ) shows™ how 1 nductors and capaci tor e conbi ned

35 to forrmmvi)agaslw%@éui fan unbadianaead @%rrmtméysﬁcﬁybutmnv\o

96/ 07245  and/or transmission netowrk, and alldﬂ&ﬁ %5/039%3
21 be cascaded to I nprove perforﬁance equengies above 1 vz

t he i ndugt of e @RNEAJukIN AP lighndsee medmF faatedcity wignadutpi peeat |y
smal | phy3|@ﬁgrébégﬁggﬁwm so as to be .

13. Communications apparatus according to any one of
claims 9-12 including means for connecting a balanced and
10 an unbalanced HF signal to the network.

14. Communications apparatus according to any one of ‘l
claims 10 to 13 connected o an electricity power
: distributioh and/or transmission network.
15
15. Communications apparatus according to claim 14
wherein said network is a network accofding,to any one of
claims 1 to'8. '

20 16. Use of a communications apparatus with a balanced:

. electricity distribution and/or power transmission
netWork, the apparafus including a balanced low pass
filter portion for allowing, in use, a low frequency high
amplitude mains electricity power signal to pass through

25 the aﬁparatus and a balanced high pass filter portion fof
coupling HF signals having a carrier frequency of greater
than 1MHz onto the network.

.17. Use of telecommunications apparatus for transmission

30 or reception of a telecommunication signal having a
carrier frequency greater than approximately 1MHz on a
network according to any one of claims 1 to 8.

18. An electricity distribution and/or power transmission
35 network substantially as herein described with reference

e T e
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i ncl uded in overhead EDNs without the egfis EQEe T SEEENS| I est ruct uri ng of

t he exi sti ngMOAO7MS t ower nount ed ONP GELLACED 1 At ypI 4B A2
‘for a LPF inductor elenent, say L10 or | b-ll—ter—ar—overhead EDN with a
phase to phase line d 10 |npedance of say 693 ohns, is in the order of
50[err]H. Such an inductor may be formed~0Over a ferrite core to further
reduce its physigcal -size ar V. 0 F ency below 1
VHZ. The i nduct ?/ef3é¢ heﬁ?gigﬁé)ll istgelg %5811-'%% %éé%mg ¥ln?u‘1§fg§5ﬂ? oad and
faul't currents. If the low cut off frequency of the filter is raised

h I f th d
tp?oportisg%aisl D/I-itz é18[ IP‘]e‘ V%#ﬁ“%ﬂ?hé?a#]%‘g‘ﬁit?‘b?\sgﬁnfﬁ%ﬂjy %h?/%?%]aﬂ Si ze
of the el enent. describedtwishofeferehae 20 figs uelshoamhd be-1%idf sk

shown .in Fi gu in order to maintain a balance of the
| unped ns?ﬁ:‘géméégﬁ n‘g %ﬁar‘%rre%ers : Simlarly, the LPF

decoupl i ng capaC| tors C10 and Cl1 have 25 typical val ues between 0.01 and

: ds. j I |
physi cal o ze Tofor MBFRRGY ob TROREE FRviSRLRBtoR G Bst BBl R SR
t he appropri hene:plmidlescmbadewifeladréf:e\rmtestorfi@sverb—w aﬂmbulo -15 of
restructuring of .f b, exibl 09 S BERSHSs . 30

-

(A W R [\

\

————
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Such LPF elenments may formpart of a bal anced EDN- condi tioning unit
design, as sIW@A6HPRA4Y| g. 6. Fig. 8 shows how i nductors RCI/GRHSA20280r S
may be conbined 35 to form bal anced, high pass filter (HPF) el enents and
how WD 96/ 07245 o PCT/ GB95/ 02023
22 they may be cascaded to inprove performance. For frequenci es
above 1 MHZ the inductors and capacitors nay be manufactured with
sufficiently small physical di mensions so as to be included in overhead
EDNs without 5 the need for major restrbéfring of the existing pole or

t ower nounted conponents. : A typical value for a HPF inductor el enent,
say L13 or L14, for an overheadfﬁggéafth phase to phase line 10

i npedance of say 600 ohns isin the of 250 [err]H  Such an

i nductor nmay be fornmed over a ferrite core to further reduce its

physi cal size and provide for a flat HF :

40
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arfpl | tude response above 1-MHz, with m ninmal attenuation, when conbi ned

with C13 and WQ26/07245 The. pri me objective of these shunt i RET/SBO§@2023
el.ements is to provide | ow i npedance paths to the earth and/ or neutral
of the EDN should a capacitive elenment fail. The resul ting high current
at 50/60Hz w Il then cause 20 protective devices such as series |line fuse
links to bl ow and protect the EDN accordi ngI y. The inductors al so
shar pen the frequency response of the HPF A typical value for
t he HPF coupling capacitors Cl3 and 25 Cf |es bet ween 0.01 and 0. 001
[err]Fds. Cap&citors of these values may be relatively small in
physi cal size Bor wor ki ng vo|tages up to 33kV and are easily nount ed at
t he appr ¢pgi atje poi nts on ovgerhead EDN pol r towers V\nthom
restructuring ef },Qe existing c onents. 30 he val ues gi vepmfor these
conponents a , ' eferred values&aw || be
appropriate for "ot her desi g'@requenci es. 4 0. 10 shows=a cross
section through af EDN cabl e 100} . :
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WO 96/ 07245

23 whi cWQ XM gned to provide a floating neutral. One BFT/GBISHMNP
conductors (101, 102) carries the 50/ 60Hz phase vol t age, the other
carries the neutral or star/we point potential. Each conductor is

insulated by e.g. 5 inpregnated paper or a polymer type nmedium 103 and the
cable is covered in e.g. a |lead, copper or alum nium sheat h 104 which
may be further protected by steel wire - arnour. 10 The lead sheath is
normal |y at earth potential and in the 34 is bonded to earth at the

di stribution transforner poi nt. The conductors may be of copper or

al um ni um construction and under nornal conditions the 50/ 60Hz phase

and neutral currents should be equal in nagnitude and 15 opposite in
At high frequencies above 1 MHZ the cable may be

phase, i.e. bal anced.
treated as a pseudo-screened calff M3t h si gnal propagation between t he
earth sheath and phase conductor, the earth sheath and 20 neutral
conductor or between the phase and neutral conduct ors.
42
k374 415V/240v
BLUE kV .
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In the UK, UG EDNs usual |y have the neutral bonded to earth at the
transf orner W6 9%07245her ef ore the HF si.gnal s 25 woul d nor mal | yPEHGBISN3IMRFat ed

bet ween t he phase conduct or and the earthed cabl e sheath. Then, when
connecting to a conditioning unit as shown in Fig. 6, the earth cable
sheath is attached to the conditioning unit at point 3, t he phase

conductor at, say, point 1 and the neutral 30 conductor at point 5; the HF
conmruni cati on signals being appl i ed vigegyoint 2 and point 3 (earth).

Al'l HF signal components on both the phase conductor and t hose .
capacitively induced onto the neutral conductor will 35 be attenuated by
the I ow pass filter sections created by WO 96/ 07245

PCT/ GB95/ 02023 : 24 L2 C2, L3 C3, L5
+ C5 and L6 + C6 respectively. Therefore, at point 6 only the required
50/ 60Hz phase vol tage, with respgCj.4 o neutral ‘azt point 7, is presented

at the custoner's electricity nmeter point.

/

33kv 415V/200V
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5 - Referring to Fig. 9, a prior art unbal anced ‘conditi oni ng unit -
as shown in 9687124572 - is indicated generally by t he r PCAYGH502023 -
numeral 10 and i s connected between a mains electricity input 12 and a
mai ns electricity output .14. A 10 signal input/output line 16 is also
connected into the filter. The mains power line is a standard 50Hz

mai ns electricity power supply providing a donmestic electricity

power source of 240v at a maxi mum current §y31400 anps for nor mal usage.
15 The filter 10 is assenbled into a netal box which prevents

radi ati on of the comunication signals to externally | ocat ed appl i ances
and whi ch provides a connection 18 to earth for the signal i nput/output
line 16. The filter 10 20 includes a first or main inductor 20 forned e.g.
of lémmferr] wire wound on a 10mm di aneter, 200mmlong ferrite rod with
30 turns of wire therearound. This provides.an inductance of
approximately 50[err]H This may be a mninmumfor the si gnal
characteristics utilised. The use of better 25 materials or a plurality of
series inductors would i ncrease the inductance of the inductor up to,
for exanpl e, approximately 200[err] H. Each end of the main

i nductor 20 is provided wwth a 30 connection to the signal input/output
line 16. A first connection 22 begyeen the mains electricity input 12
and signal input/outpukeline 16 nprises a first or coupling

FIGSA  FIG.SB
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capacitor 24 having a capacitance of between 0.01 ‘and 0.50[err]F, and
preferably ar‘UﬂﬁE’“&.“-‘i[ err]F. This coupling 35 capacitor 24 is BI/WGRISO2023t 0
a.first fuse 26 which is WD 96/ 07245

PCT/ GB95/ 02023 25 arranged to bl ow
in the event of failure or a fault - devel oping i n capacitor 24. A
second connection 28 includes a seco®di4capacitor 30 5 having a capacitance
of between 0.001 and 0.50[err]F, preeferably around O.1[err]F. This
capaci tor provides further attenuatd on of the communication signals by
shorting to the earth or ground 18.% A second fuse 32 is provided to
blowif a fault develops in the second capacitor 30, 10 thereby preventing
further unit damage. The signal §nput/output line 16 is connected to

a second i nductor 34 having an inductance of approximately 250[err]H
mini mum  Thi s i nduct or /S proviOed a5 er in
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15 the event of failure of the coupling capacitof 24. In the event of
such a fail uM®O 947345 nduct or provides a path to t he gr oundPEH/GBEFO20%%

50Hz mains electricity power frequency, thereby bl owi ng fuse 26. The
irnductor has no effect on the conmuni cation frequency signals present on
20 the signal input/output |ine 16. It is to be noted that the
neutral conductor is not filtered, and therefore if this unit was to be
used with a phase/ neutral system then/ugwanted signals could still 25
pass throughpPF | saanbds. 11A, 11B and 11C show sectional views through a
si ngl e phase=eomTentT™™C; split-concentric and "pseudo"-  concentric
cabl es respectively. A typical concentric 30 single phase cable (as
illustrated in Fig. 11A) consists - of a central metallic conductor core .
(typically alum nium 110 surrounded by an insulating |ayer 112 _
(typically PVO). Around the insulating I_ayeMl@‘%squEHi plurality of
nmetallic conductors 114 (typically copper) over which/lies 35 an insul ating
and protective sheath 116 (twypically PVC),. WO 96/ 07245 .

- i A

PCT/ GB95/ 02023 :___.::W T x |
nﬂ——%‘. ' ) ;
:__"q‘ﬁm\_n__;_——':__—[ww_:

(1]

FIG 7

HPF ( saLancep

s iy - - / ik .
" —r
R R T R —
FIG 8
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26 In use the neutral and earth are conbined in the outer sheat h
of metallic CHREMREs 114. A split-concentric cable (aPCIGBISD23 ed
in Fig. 11B) is 5 simlar to the concentric cable except that the outer

| ayer of nmetallic conductors 114 is split into two portions - e.g. an
upper portion 115 and a | ower portion 117. These portions are divided
by insulators 118, 120 and in use the neutral and earth are split so
that one 10 portion of the outer netallicazggath carries only one of

t hem In order to maintain a pseudo- xial effect in the split-
concentric service cables at the desired transm ssion 15 frequencies (e.g.
above 1MHz) one or nore capacitors 122 may be connected between the
upper- and | ower portions 115, 117 of the outer netallic sheath 114.
These capacitor(s) may be fitted e.g. at the term nation and/or

condi ti oni ng poi nts of the cable. 20 Fig. 12 shows the HF
condi ti oni ng concept according to the cgre nt invention applied to a
section of, say, OH bal anced EDN. FI .- ﬁe

14

10
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25 The condi t| on| n%,‘gnlt shown conprises of a LP and a HP filter

section (LPF ¥ respectively) connected so as t o per MGI/GB95/02023
disrecti onal coupl i ng of the HF.conmuni cations signals to the

condi ti oned network section 1201, i.e. the section of EDN between the two
conditioning units. 30 Fl[err] and F[err] are typically protective |line
fuses providing i nterconnection to the HP filter unit which is in turn
coupled to an isolation transforner 1202 consisting of, say, a ferrite
core material so as to give good high 35 fgmgiency coupl ing, primary to
secondary w ndi ngs, between WO 96/ 07245

PCT/ GB95/ 02023 27 say 1 and 30 MHZ.
The transformer is in turn connected to aradio transmtter/receiver

unit 1203 which transmts and 5 receives signals at HF nodul ati ng and
denodul ati ng the HF

LEAD SHEATH

COPPER
- PHASE & NEUTRAL
CONDUCTORS

PAPER INSULATION

SUBSTITUTE SHEET (RULE 26)



carrier si gnals as appropriate via a modemunit 1204 which i nputs and
out put s speeWH/géleQ?’és’and/or i mage signals as appropri ate. WGSMW
signal s may by-pass the nodem and be interconnected directly to the
TX/RX unit in an 10 analogue formif required. |If the signals input to

t he nodem are. presented in a comon digital format then they may be
easily multiplexed or conbined for transm ssion over the network. The
transceivers may operate in si npl ex, duplex or half duplex as required.
15 Wth a conditioned section of bal and@41&DN as shown, the HF
comuni cations highway thus formed is immune to the  effects of. variable.
50/ 60Hz | oading i.e. HF noise corrp&?'nents generated by certain types of
50/ 60 Hz 20 electrical |oads. Directionpal coupling of HF comuni cat i ons
signal s above 1 MHZ ont ggany section of ‘bal anced OH or UG EDN i s

t hereby permtted. - | tashoul d be foted that p¥ utilising high
frequencies 25 above 1 MHZ thg HP and P filter Zection conponents, which
formthe conditioning units, Ds <popiqmu T small, in physi cal
size, to be nounted on e.g. the N} S pol es or steel pylons

wi t hout major nodification to N hardware. Simlarly on UG
EDNs the 30 conditioning unit & incorporated in cable

j oi nt housi ngs, roaﬂ,si de pill ng col ums and thel__IGj'%E.

FiG u8

FIG Ut
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ng. 13 illustrates the potential |ocation pointsfor the 35 various OH

'EDN HF condi tWe8é#R4xonponents 1301 as applied WO 96/ 0724€T/GB95/02023
PCT/ GB95/ 02023 28 to a wooden
support pole 1302. The overhead conductors 1303, 1304 are connected

to the head of the wooden pole 1302. Aline trap or inductor 5 1305

may be included in the Iine of each of the conductors 1303, 1304, and a
decoupl i ng capacitor 1306 may connect 13#t8k4 conductor to local earth _
1307. A tap wire 1308 is taken fromone or both of the conductors 1303,
1304 to the RF coupling unit 1301 which is nounted on the pole 1302.

10 A coax feed 1309 en connects the RF coupling unit 1301 to TX/ RX

equi pnent 1310. gf . 14 illustrates a bi-directional, balanced, OH,
EDN conditioningsbjﬁg}ruch as may be pole nmounted as in Fig.
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15 183. J[errl and J[err] connect onto two phase“conductors of a
pol yphase OH 6/0728% ot ection is afforded by fuse |inks F[err [PCT/GBI&N20252
‘apd HF coupling is provided by capacitors Cl[err] and C[err]. HF
el ectromagnetic coupling is then provided by T[err] which 20 has typically
a dust iron or ferrite core. The core has the appropriate turns ratio,
primary to secondary, to provi de the required i npedance match between
the EDN OH - bal anced phase conductors &®flt4he unbal anced coaxi al cable
1401 which will interconnect via the safety box 1402 to 25 the HG
transmtter receiver unit(s). The wi ndings of T[err] may be bifilar
or trifilar in order to provi de the bal anced to unbal anced term nation
requi rements. The primary and secondary wi ndings are 30 bonded to earth to
provi de protection paths for F[err] and F[err]. Optional fuse |inks
Flerr] and F[err] may be included in the safety box. Typi cal
conponent values for a 2#kv IOH EDN bi -directional 35 conditioning unit
m ght be: - . | "
|

‘ -
' ]
-
gl 8 >
b 2
| >: (&
-l -l
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WO 96/ 07245 © PCT/ GB95/ 02023

29 J[erWO%/TR4S r] = link wire =  Flerr] = Flerr] = GECPERGBS/62023

| i,nks type VTF 15/3 Cerr] = derr] = H/C type TLC150AC - 102,
0.001/[err]F + 20% 15kV RVB @ 50/ 60Hz, 50kVdc between termnals. 5
Tl[err] = 17 turns, with centre tap, primary 5 turns secondary, core
type Hawnt El ectronics 3Cl11. RFCL 3@ = 50 [err]H wound on ferrite
core to sink 10 potentishl 50/60 Hz fault current and ruptur&2HRC fuse

l'i nk(s) F3 and/or Fig. 15 shows a section of-overhead A OH)

pol yphase (3 phas¥® andFlearth) electricity distributipp ne rk (EDN) 15

T

1501. By suitable inteMacing, a high frequency comuni cgti ons signal
above 1 MHZ nay be inpreSsed on the network e.g. betwe bl ack and bl ue
phase conductors. | \order to propagate HF signals ficiently

OGIEDN and a phase t &2ne
g arrangenent becomes’

bet ween such 20 a section
network, a suitable HF coupli

al section of UG

LL | -L

— Earth

H.V. INTERFACE Mkl

F3 —————— COAXIAL FEED LINE ( 1401 )
F4 '
SAFETY BOX.{ 1402 )
/
———— RFC,

= — SAFETY EARTH

HF SIGNALS 2 MHz

COAXIAL CONNECTOR
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necessary to overcone the problens of
t 0 unbal ancegp vgdé7ess k t erm nati on.

the OH network,

| npedance ﬁatching ﬁ@e +
25 In order to provide coupl1ng to
i nterconnection via a high frequency ferrite

g ransf or mer elenment Tl is nade via protective fuses F1, F2 and HF

coupling capacitors O and C2. HF transfornerg F
- to match froma 600 ohminpedance 30 baIanceJ

Qlprmo= UG, HE Inteyfaceg
n order to prevent t he unbal anced

unbal anced UG cabl e

protective . fuse F3.

underground pseudo 35 . coaxial conductor { ] I(:(‘\ framlao

typical ly designed

i ne to a 50 ohmi edance

C&:ﬂk;uaﬂen and

@

WD 96/ 07245 PCT/GBQS/02023
30 network, a f filter comprising of L[err], L[err] and C[§
utilised wher e Cferr 15 typ!

v I6.5 [err]H_C er *ﬁls typlcally
0.01 [err]Fd and HF kignbb ;mﬂlcalﬂlty 50 [err]H These |caJtamns provi d8.H.
HF f

t

—
suu ot

L C
ik

T

t

u.G.C

SUBSTITUTE SHEET (RULE 26)

o 110V fo 110V
50/60Hz | 50/60Hz
=—— HF signal —| Fg. IS



KL\ \’U\ LA -MUENCHEN U... slu-lu-u6 3038 — 30 L .
[0, Yol L3TY it MENOVAN LUl G +E16 L8usYaEe +48 o9 ’_'39%4655"4 ‘

cond|t|0n| ng of the EDN and permt the'network to 5 eff|C|entIy Yahd

safely distri bute_go_tjj_ﬁl_eet—H—eaI*Eﬂergy at. ultra |l ow frequency, i.e.
50-to 60 Hz, and comuni cat‘g él gnal s above 1 M—IZ Not e t hat

t ransf or ner T[err]Amm\ j d primary whi chet8—provid WHF pat h
for fuses Flerr] , capamtor I%‘ﬁ? EF@:EIB capaci t or
Clerr] become short ti rcwt The UG caBfe feedd of__si

gle
phase ground nount ed transforners each of which fas—an HF by-pass
condi tioning 15 G%AIMSttted. The HF signals inpressed on T3 pri mary are
coupled via safety fuse F4 and capaC| tor C6 onto the primary w nding of
HF transfornmer T2 which has a ferrit core and is connected in series

with earth (ov). 1+ 20h balancad ala%m#reie-‘a’ I ssThnt i@he@@ﬁvognppwerue
f eeder and agransmisalbh "Ré¥wdsk Al ©a IdEtWTIE Arilubdng' EPwé méan for

shoul d be noted that ,the prinmar edance of power transft or mer LS
rel atively ‘hi gh §B°Hﬁnpu?h9“?ﬂr%§° r&‘?’@r R mhﬁsmgynépatéoaaes@qeml
that the secorsiahivmadaneaeﬁeﬁr dppeexihanal [ iz HF

bal anced centre £70m;ah, i%%m«id G %rgﬁwf& 32%9552%”
cabl es of f Taastﬁaﬂﬂéﬁmzh@nié‘@tm @myfnaa.r arrcRE $ThieO petworkyv 'tehereint he
WF high arrpl | tUdeiBOw:’\pug ngonenégd sta:l.dS L'Llpm: means each include an
impedance matching transformer to provide impedance
10 matching between said network and said scurce, and wherein
each transformer includes a primary and a secondary winding
and the turns ratio between the primary and secondary
winding being such as to provide an impedance match between
the network and the source, with one of the primary and the
15 secondary windings being operatively connected to the
source and the other of the primary and secondary windings
being operatively connected to two phase conductors of the
network oxr one phase conductor and earth or neutral.

2. A network acco:_.‘d.ing to claim 1 wherein said input
20 means includes means for connecting to a source which is a
' relatively low impedance unhalanced HF coaxial source.

3. A network according to claim 1 or claim 2 wherein said
network is an overhead network.

| 4. A network according to any one of the above claims

| - 25 wherein at least part of the network ig external to any
building and the s:l.gnal is transmissible along said
external part.

9. A network according to any cne of the above claims
~ wherein the network includes connection means located at an
30 interconnection point betwean the network and an
interconnecting unbelanced network, said connection means
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i nventi on.
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providing an impedance matched HF connection between the
two networks to permit efficient propagation of HF
conmunication signals therebetween.

6. A network according to claim 5 wherein said
5 interconnecting unbalanced network is an underground power
network. '

7. A network according toc any one of the above claims
including two sections of network separated by a power
trangformer, further including HF by-pass means for

10 transmitting said signal from one of sald network sections
to the other, by-passing said transformer,

8. A network according t¢ any one of the above claims —
wherein the carrier frequency is between approximately 1-
60MHz.

15 9, A method of signal transmission including input of a
telecommunications signal having a carrier frequency of
greater than approximately 1MHz from an unbalanced source
onto a balanced electricity power distxibution and/or
transmission network and subsequent reception of the

20 signal, wherein said source and said network are coupled by
coupling means which include an impedance matching
transformer to provide impedance matching therabetween, and
wherein each transformer includes a primary and a secondary
winding and the turns ratio between the primary and

25 - secondary winding being such as to provide an impedance
match between the network and the source, with one of the
primary and the secondary windings being operatively
connected to the source and the other of the primary and
secondaxy windings being operatively connected to two phase

30 conductors of the network or one phase conductor and earth
or neutral. “““‘—~——~—~——__‘__
' This Sheet Has Bee,
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1. A balanced electr|C|ty d|§1r|5ut10n and/ or power transif sstoff”*
network (I1201), the_neng#k—+ﬂe+ﬂdrﬁg~|nput " means (1301) for the
ret¢ei pt onto the networ el ecomuni cati ons si SN
unbal anced source a m} “ll““i“““] rreans (1301) by whi cfi g@isdeeT HAS
t el econmuni cati ons S! reanabIe fromthe n morkﬁﬁﬂﬁg?el :
sai d i nput neans |ncludes an |npedaﬁde mat chi ng t (T1)
to provi de i npedance mat chi ng between said network and said
source, 10 3Ad \Aﬁemunicaﬁimarwpnmffcmexsmpui:tl'maammncbddes a
brimry and 2 SeesadREYcitplangepithd of ool Vo2t swion nethBEr,
primary and secondary wn el ng suc as to rovi de

i npedance match heechuedingha h@lammade#Qthasauﬁn&ﬁgr\nqntigmeigr Bﬂéopingary
and the secondar ynwigdi nsswﬁ' eaequancﬁfg/;e ﬁ; 14%uae" S %gl t;.gg&gi

source and the other of secondary w

operativel y céhnPeves 519381 t?dpﬂﬁﬂ)ﬁhﬁﬁﬂg Fhe aRPaFaRis h& hcﬂﬂopad
phase co sttme&é SSE o £ Wil 1M @Mﬁls havi
teleconnunlcatlons signal has a carrier frequency greate ?8 t ha
1MHz. - garrx #Pﬁefm‘l@'a@b ARigRPate %haR ¢ PH‘I‘P ﬂﬁdnﬁﬁp%‘k'

means i ncl udes nﬁﬁﬂsiﬁﬁéd&ﬁ6Q3§étéﬁtd nib s R 1INAINY ah Impedance
relatively Iomll e unbal anced oaxi sour 3. A
net wor k accor di n% ?%h£P%|F¥§9 \ﬂﬂ§é§QFQ§bFG%°hingé?eﬁﬁﬁﬁﬁrk is an
over head nEtWNWkrecept;on/transmission devices and the elactricity power
distribution and/or transmission network, whersin each
transformer includes a primary and a secondary winding and
the turns ratio between the primary and secohdary winding
being such as to provide an impedancé match batween the
15 network and the source, with one of the primary and the
secondary windings being operatively connected to the
source and the other of the prirmary and secondary windings
being operatively conmnected to two phase conductors of the
network or one phase conductor and earth or neutral.

20 11. Communications apparatus according to claim 10
including means for connecting the apparatus to both a
balanced and an unbalanced elactricity distribution and/or
transmissicn network, and allowing said low frequency high
amplitude mains electricity signal to pass therebetween.

25 12. Communications apparatus according to any one of
claims 9-11 including means for connecting a balanceqaand
- -an unbalanced HF signal to the network.

13. Communications apparatus according to any one of
claims 10 to 12 connected to an electricity power
30 distribution and/?r transmission network.

14. Communications apparatus according to claim 13 whereih
said network is a network according to any one of claims 1

THi§ 6 e reﬁ‘ﬁﬁ@“‘em sheet | ————:;Been Replaced -
2 1R T e et uum* (L \i\\
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4. A netmork according to any one of the above cl ai ns whér i n ‘at '
| east part of the net s _external to any bui Il ding and the
signal is transmni ssible along said external part. 30 5. A
network according to aﬂ"’lﬂﬂu&mu m e cl ai ms Jli.ﬁl SRR Has BEEN
network includes conne ﬂlﬂ gd atq i Nt ¢r CONReshlcen -
poi nt between the network &nd"an® s _ |n erconnectlng nbal anced o
net wor k,

connecti on bet we&h

sai d cqgnegtlon nmeans provi di ng an i npedance mat ched HF

two networks to permt efficient propagation

of HF communi cation signals therebetween. 5 6. A network according

to claimb5 wher
under ground po

10

15

20

25

30

D@t

e S on o ol EEAVISRY 2904208

ecti ancg@hnetmn k is,an

anced
electricity distribution and/or power transmission network,

" the apparatus including a balanced low pass filter poxtion

for allowing, in use, a low frequency high amplitude mains
electricity power signal to pass through the apparatus, a
balanced high pass filter porticn for coupling HF signals
having a carrier fresquency of greatexr than 1MHz onto the

network, and impedance matching means including an

impedance matching transformer for impedance matching
between reception/transmission devices and the electricity
power digtribution and/or transmission network, wherain
each transformer includes a primary and a secondary winding
and the turns ratio between the primary and secondary
winding being such as to provide an impedance match between
the network and the source, with one of the primary and the
secondary windings being.operativsly connected to the
source and tha other of the primary and secondary windings
being operatively connected to two phase conductors of the
network or one phase conductor and earth or neutral.

16. Use of talecommunications apparatus for transmission
or reception of a telecommunication signal having a carrier
frequency greater than approximately 1MHz on a network
according to any one of claims 1 to 8.

17. an electricity distribution and/or power transmission
figs. 1-8 and 10-15 of the accompanying drawings.

18. Communications apparatus substantially as herein
described with reference to figs. 1-8 and 10-15 of the

accompsnying dravings.

19. A method of signal transmission substantially as

network substantiélly-as herein described with refereﬂhs to

wsyes
e 18- ment sheet ect Has Been Replaced '
e e e \\||\|m|||\n\\|\|\fn\
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7: % A network ' accordlng to any one of the above clwainms |nclud|ng
two sections of netwerk—separated Dyla power 10 transformer, furthe

i n&l udi ng HF by-pa transmtting said signgtfT 85 BEEN
said network secti E‘ﬂm‘m ilm“““ “‘e ot her, by-passing said t HHS Pq?;‘g\-:p

8. A network accor y one-of t he ab ye cl ai s wherein
carrier frequency |s betmeen apprOX|ﬁater - 15 60 Hz.

A network accor di ny one. above cl ai ms wher e

i npedance WBtChIh& aﬁépﬁngg %&#h Tence to £igg.1-8, ?ﬁﬁcida¥i] Q(a
core. Xhe AcﬁbhbadyoﬁgSdﬁﬁuﬂngswansn1SS|on i ncludi ng input of a
20 tel ecommuni cations signal having a carrier frequency of greater
t han approximately 1MHz from an unbal anced source onto a bal anced
el ectricity power distribution and/or transm ssi on network and
subsequent reception of the signal, wherein said source and said
network are coupl ed by 25 i nput nmeans which include an inpedance

mat chi ng transforner to provi de i npedance natchi ng t herebetween, and
wher ei n each transforner includes a primary and a secondary w ndi ng
and the.turns ratio between the primary and secondary

- “‘e{\\ S“QQ‘
ce
" s { e ‘ep\a
™
e 21MRET
-
as Been Replaced
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mnndlng beJng such as to prOV|de an - |npedance natch bet ween /Qﬁﬁ@ﬁﬂQﬁ??j

natwork and th
wnndlngs belng

or one phase..co
apparat us for u

VR R £ 5 frerr 2no te. | rensetmenisreer

34 : -sourc®e dnd'thd& othet of the pri ~and . secondcﬁy :
bei ng operatlveJ y conhected.to two ‘phase .cor ctors of thg | Wy@%??/\%%k

nductg -and’ earth’or. neutral’ i1 L0l ai il
St H a bal-anced . = “5 el ectrici ty di st iSi epRbfd..

vt

power -t-ransm ssiian. - meusaqshced elebaeiuﬂtpgdﬁs@simmh t:M B35 oot er -

portion for al
electricity po

R A Y ST UL arrphtta%%germ‘l o

pass filter porﬁueansf qnsoqolplfbagchE ﬁeﬁéﬁj_bﬁ dsmys Nthed rldbwedi il requency

of greater t

t.o .t he, net-work; edange-.nat c nean o
helud ng. an § nbEugkesnal a1 BRg Rlcat Eiof it ARV GRRTES SR ng

bet ween oluepept heahbr AN 03 by ovhilel | €254 &E&lddiﬁmﬁitﬁ.@aftli@dsy sl@i@fﬁll
dlstrlbutlon and/or tra E1s§|on et-work, euﬁ{n %
_ - removable Erom networ erein” Sald input means:

10

T .an lnpedance match. between the network and . the source, wlth .
.one of the prlmary and the secondary w1nd1ngs belng
;operatlvely comnected: to Che source and the other of the

18

20

25

rncludes an- ;mpedance matchlng transformer (Tl)to brovlde
meedance matching between sald network and’ sald _source,
and whereln the transformer ‘of the input means includes a

the- prlmary and secondary w1nd1ng belng such as to prov1de

prlmary and secondary w1nd1ngs belng operatlvely connected
to two phase conductors .of che network or one phase
conductor and earth or neutral whereln the.
teleconmunlcatlons s1gnal has a carrler frequency greater
than 1MH=z. '

2. . A network according to claim 1 wherein said input
neans includes means for . connecting to a source which is a
relatlvely low lmpedance unbalanced HF coaxral source.

3. A network according to. claim 1 or clalm 2 where:n said

network is an overhead network.

4. A network according'to any one of the above claims

wherein at leaft part of the network is external to any
building and the sxgnal is transmlssible along said

external part.

5. A network according to any one of the above clajims
wherein the network includes connection means located at an

interconnection point between the network and an

R e

'prlmary and a secondary w1nd1ng and. the turns ratlo between



15 transforner o ry iand a secondary wi nding a

turns ratio betmeen the nd secondary Wi ndi ng

to provi-de .an | ‘m\m ween the © ' netviork-a
wi th one. of the . ' seco ary-w-ndi ngs -
operatrvely connected to t he 20 source amntt the ot her of t e prrnarv and:
secondary wi ndings - - bei.ng operatively . connected to t : ' S
conduct ors of - trk?terc°nneqﬂﬂﬂﬂbPwkﬁﬁaaﬁédpﬁﬁ§806Sndﬁ%&@wc '

neutral. - - providlind GHRigedneas ndPRALAl HP SEHREEH sh tmerfd
|ncLud|ng means for connecting .the g parﬁtus to.both a ; 25 baIanced and
an unbal.anced eltotQ MeSHArks $O PSS ShRArsent propagatign s $fn nét work, -

and- al I owi ng seuébﬂmuuﬁaguy@@ngigahgg therebet@é@hltUde mai ns eIectrrcrty

signal- to pass 't herebetween. = ~Gommuni cat i ons apparatus
accor.ding-to any one “of- S cIarns 10 12 i ncludi ng means for connectrng -
a bal anced ‘ang .¢. apzﬁtwaﬂtahe&e@aiﬁﬁ Ebgeyémostdneef@twd&d o 140
COnnunrcatrons apparatus acqor It ng_to0.any one -of - claims 11 to. 13 .-
Connect ed to an Jé} alance netwcr]\ .'LS an underground Power
- network ' '
'_7. S network accordlng to any one. of the above cla:ms

'-.1nc1ud1ng two sections of network separated by a power
:10 'Lraneformer, further 1nc1ud1ng ‘HF by- pass means. for
transm;ttlng said’ 51gna1 from one. of ‘said, network Sectlons
to the ocher, by-passmng sald transformer '

8. A network according to any one of the above claims
wherezn the carrzer frequency is between approx1mate1y 1~
15 6OMHz. |

S. A network accordlng to any one of the above claims
_,whereln the lmpedance matching transformers each have a

‘dust, iron or ferrite core-

- 10. A method of S1gnal transmission 1nclud1ng input of a
20 telecommunlcattons s1gnal having a carrier frequency of
greater than appfoxlmately 1MHz from an unbalanced souxce
onto a’ balanced electricity power dlstrlbutlon and/or -
transmLSSLOn network and subsequent receptxon of the
signal, wherein said source and said network are coupled by
25 input means which include an impedance matchlng transformer.
to provide impedance natchlng therebetween, and wherein
each transformer includes a primary and a secondary winding.
and the_turne ratio between the primary and secondary
winding being such as to provide an impedance match between
30 the network and the source, with one of the primary and the
secondary windings being operatively connected to the
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di stribution and/ or transm ssi on netmork - ; 3 15. cb7” ?Hﬁ@hMtN*s;ECT

apparatus accordin rein - sard n

. et
according to any o*“ll“l "IT“IM“IM“‘ to-9. - vvgr li( 2?&@“@9&
cogyunlcatlons ‘apparat s Wth & balanced 34 . .electricity}distribution
and/or power transm ssion network;”. the apparatus i ncludi-ng] a al anced low -~

pass. frlter portron for L1 o f
L éﬁ&Q&ﬂ&ﬁﬁ .
Tgr n;al an“e'ed hr;géti b :?E\g ST gnal ?lo B ﬁé‘ the, a tE)ar at u; .
r(ig?ls‘dp % elpordorcm#ctﬁd §§uEWPth Ors O a’:r}f‘?tg a’ -

carfi.er- frequenc greater &ﬁ%&e} gggrtQﬁdnggf@ﬁk@rzﬁ§U¢ﬁdeance

mat chi ng - means % ance' matching t'r ansf orner - for

i npedance natchrng ' : betmeen receptlon/tran | '
| hedance _ smi $sion ‘devices and.the -
ehevern Y 1o RS R SeplaRleorel ghe otk  malameld |

. n
and -the .turng rétlé@tﬁﬁéﬂﬂerdntéta‘:muhm °§eE@Nﬂ%r§rrangmfsescf‘g£a ’gg; 28

source, “with QiR ndar
operativel’y .conpgoise, t® 1w frequenCYSé\iB‘é"eaa‘H 8 é?so‘t ‘tﬁ'g’-”’p?r

and. second
. ary V%ndlr951gna1 to pass through the apparatus, a balanced high

such as’ to provjde an i-fpe
tRe q?%ry =a, I}"n E:Ta‘é%e'ﬁllter orti@mnﬁémklmmghe -_

. ' 'pass fllter portlon for . ccupllng HF sagnals having al
' 10,'carr1er frequency of greater than 1MHz onto the network
:.and 1mpedance matching means includlng an lmpedance K
"“matchlng transformer for lmpedance match;ng between
‘receprlon/transm1551on dev1cee and the electric1ty power
_distribution and/or transm1sslon network, wherein each '
i5 transformer includes a primary and a secondary w;ndlng and
"the turns ratio between the prlmary and secondary w1nd1ng
being such as to prov1de an impedance match between the
network and the source, with one of the primary and the
-secondary w1nd1ngs being operatively "corinected to the
20 source and the other of the prlmary and. secondary windings
being operatxvely connected to two phase conductors of the“
network or one phase conductor and earth oxr neutral.

'-12.' Conmunications apparatus according to claim 10
including means for connectlng the apparatus ‘to both 2
25 balanced and an unbalanced electxicity distribution and/or
_tranemlsglon network and allowing Sald low frequency high
amplitude mains: electr1c1ty signal to pass therebetween

'13. Communications apparatus according to any one of
claims 10-12 including means for connecting a balanced and

30 an ucbalanced HF signal to the network.

14. Comnunications apparatus according to any one of
claims 11 to 12 connected to an electricity power



being © eratlvel ‘CUHHEC[EG To tmo hase conductors of the - f :
g op y P REpLACKMEIRY SHeET |

orI one phase conduc H ﬂ imﬁmmu eutral. - 17 f .
t t sm - 25 i . _
el ecommuni.cati ons g! i SSI on 5 or recep |g{zg Eﬁgnm%

t el ecommuni cati on si Vi ng _ f-requency gie¢

apprOX|nater 1MHz on a netmork : accordlng to any one fl clains l'to'

9. o . dié'&r?.bﬁ%&bh%ﬁ&/@fSéféﬂgé&dléﬁlﬁm{ acRuer tragsm ssion.

netmork substanttal Ty as herei:n' descr reference to: 1 i 1019
1- 8 and 10- 15 of the acconpanyi ng .drawi ngs.. ... <7 19. Communi cati on$

appar-at us SUbStQBt'abBﬁmﬁﬁlegtfﬁﬁb a(Paratus according to claim. 1 whe ein
REPLACEMENT  SHEET describ reference-to figs. 5
10-15. Of t He’ acggﬁgaﬁetwgrhrggnag@etwork accordlng to: any one of clalms 1 :

to 9.-;

- is. Use of a COmmunrcatzons apparatus wrth a balanced
-"electrrcity dlstributlon and/or power transm1531on network .
_[.the- apparatus 1nc1ud1ng a balanced low pass filter portlon “
'ﬂfor allow;ng, in use, a- Low frequency high amplltude'malns L
E electr1c1ty power signal to pass. through the apparatus, a

'-11é :balanced high pass filter portlon for coupllng HF srgnais
. having a ‘carrier frequency of. greater'than 1MHz onto the
network, and impedance matching means 1nclud1ng an
_ 1mpedance matchlng transformer for rmpedance matchrng
between receptlon/transmlsslon devices and the electrxcrty
15 power ‘digtribution and/or transmlSSIOn network wheregin
each transformer includes a primary and a_secondary windrng
and the turns ratio between the primary'and secondaxy
winding being such as to provide an 1mpedance match betweenf
- the aetwork and the souxce, with one of the primary and .the
20 secondary windings being operatlvely connected to the '
. - source and the other of the primary and’ secondary windings
being operatlvely connected to two phase conductors of tle
_.network or one phase conductor and earth or neutral '

. 17. Use of telecommunications apparatus for transmission
25 .or reception of a telecommunication'signal having a carrier
frequency greater than approximately IMHZ on a network

according to any one of claims 1 to 9.

-

18. An clectricity distribution and/or power transmission
network substantlally as herein described with reference to
30 figs. 1-8 and 10-15 of the accompanylng drawings.

19. Communications apparatus substantially as herein



20. A method of si gnar TTansissiomsubsstantially as " | REPLAGEMENT SHEET
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